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M e r c a p ta n - c o n ta in in g  po lym ers  hav e  been  s y n t h e s i z e d  by two
g e n e r a l  p r o c e d u r e s :  ( a )  s y n t h e s i s  and p o ly m e r i z a t i o n  o f  monomers
c o n t a i n i n g  ca rbo -J_~ u lky loxy  b lo c k e d  m e rc a p ta n  s u b s t i t u e n t s  and  (b)
i n t r o d u c t i o n  o f  m e rc a p ta n  g ro u p s  v i a  b e n d e r ' s  s a l t s  i n t o  p re fo rm ed
po ly m ers  c o n t a i n i n g  s u i t a b l e  r e a c t i v e  s i t e s .  T h ree  t h e r m a l l y  l a b i l e
, 0
B e n d e r 's  s a l t s  (K S -C -O - t -R ,  R = t - b u t y l  (1^} , t - a m y l  ( £ )  , and cumyl) 
w ere s y n t h e s i z e d  and u t i l i z e d  t o  e f f e c t  q u a n t i t a t i v e  S^ 2  d i s p la c e m e n t  
o f  p r im a ry  and se c o n d a ry  h a l i d e s  t o  form  _ t - a l k y l t h i o c a r b o n a t e  d e r i ­
v a t i v e s .  S e l e c t i v e  d i s p la c e m e n t  o f  b rom ide  from  1 ,2 -b ro m o c h lo ro -  
e th a n e  by o r  £  fo l lo w e d  by d e h y d r o h a lo g e n a t io n  w i t h  p o ta s s iu m  _t- 
b u to x i d e  y i e l d e d  S - v i n y l - 0 - J : - b u t y l t h i o c a r b o n a t e  (^ )  and S - v i n y l - o - t -  
a m y l th i o c a r b o n a te  ( ^ )  , two e x c e l l e n t  v i n y l  p r e c u r s o r s  o f  p o l y ( v i n y l  
m e r c a p ta n s ) ,  i n  60^> and 35^  y i e l d s  r e s p e c t i v e l y .  R e a c t io n s  o f  1 
w i th  v i n y l b e n z y l  c h l o r i d e  y i e l d e d  S - ( v in y lb e n z y l ) - 0 - _ t - b u t y  I t h i o ­
c a r b o n a t e .
D i l a t o m e t r i c  s t u d i e s  o f  th e  h o m o p o ly m e r iz a t io n  o f  S - v i n y l - 0 - t - .
b u t y l t h i o c a r b o n a t e  (£ )  d e m o n s t r a te d  t h a t  t h e  p o ly m e r i z a t i o n  r a t e  was
p r o p o r t i o n a l  to  th e  f r e e - r a d i c a l  i n i t i a t o r  c o n c e n t r a t i o n  t o  th e  O.7 6 5
pow er. Monomer 3 e x h i b i t s  a h ig h  monomer c h a i n - t r a n s f e r  c o n s t a n t  (c =
M
3*9 x 1 0 - 3 ) ;  t h e  m o le c u la r  w e ig h t s  o f  t h e  homopolymer and copo lym ers  
ran g ed  from  3 0 ,0 0 0  to  55)900 (GPC). C o p o ly m e r iz a t io n  o f  S - v in y l - 0 - J t -  
b u t y l t h i o c a r b o n a t e  (m2 ) w i th  s t y r e n e ,  ( r i  = 3 *0 ) r 2  = 0 . 2 ) ,  m e th y l
xil
m e th a c ry la te :  ( r a = l . i jU ,  r 2  = 0 .1Y ) and v i n y l  a c e t a t e  ( r j  =
O.oJi, r 2  = 1 1 . 0 ) I n d i c a t e d  t h a t  a s u l f u r  atom a d j a c e n t  to  a v in y l  
g roup  i n c r e a s e s  th e  r e s o n a n c e  s t a b i l i t y  (q 2  = 0 . ' ; )  and t h e  e l e c t r o n  
d e n s i t y  ( e 2  = —1 . 1*) o f  t h e  d o u b le  bond and t h e  c o r r e s p o n d in g  r a d i c a l .  
W a t e r - s o lu b le  co p o ly m ers  c o u ld  be p r e p a r e d  by i n c o r p o r a t i n g  e i t h e r  
N - v i n y l p y r r o l i d o n e  ( r 3 = 0 . 1 2 , r 2  = 3 *9*0  o r  N - i s o p r o p y la c r y l a m i d e  
( r A = 1 . 1 7 ,  = 0*3) w i th  M2 . The w a te r  s o l u b i l i t y  o f  t h e  c o p o ly ­
m ers d e c r e a s e d  m a rk e d ly  when th e  t - b u t y l o x y c a r b o n y l  g ro u p  was 
rem oved .
P y r o l y s i s  o f  homopolymers c o n t a i n i n g  _ t-bu ty  l t h i o c a r b o n a t e
g ro u p s  y i e l d e d  p o ly m e rc a p ta n s  and a q u a n t i t a t i v e  l o s s  o f  i s o b u t y l e n e
and c a rb o n  d io x i d e  ( c o n f i rm e d  by mass s p e c t r o s c o p y ) ,  A k i n e t i c  s tu d y
o f  t h e  p y r o l y s i s  o f  p o l y ( s - v i n y l - 0 - J : - b u t y l t h i o c a r b o n a t e )  co n f irm ed  t h a t
th e  d e b lo c k in g  r e a c t i o n  i s  a f i r s t - o r d e r  p r o c e s s  w i th  E = 3 1 .2 2a
k c a l / m o l ,  and AS* = - 2 J (2 e . u .
M e r c a p t a n - c o n ta in in g  po ly m ers  have a l s o  been  s y n t h e s i z e d  by 
t h e  n u c l e o p h i l i c  s u b s t i t u t i o n  o f  p o ta s s iu m  O - t ^ - b u t y l th i o c a r b o n a t e  
on po ly m ers  w i th  c h lo ro m e th y l  f u n c t i o n a l  g ro u p s  such  a s :  c h l o r o ­
m e th y la te d  p o l y s t y r e n e ,  p o l y ( e p i c h l o r o h y d r i n )  ( H e r e l o r - h ) , c o p o ly -  
( e p i c h l o r o h y d r i n - e t h y l e n e  o x id e )  ( H e r c l o r - C ) , and w i th  p o l y ( v i n y l  
c h l o r i d e ) .  S p e c t r a l  and a n a l y t i c a l  d a t a  c o n f i rm  th e  p r e s e n c e  o f  
j : - b u t y l t h i o c a r b o n a t e  a s  w e l l  as  c y c l i c  d i t h i o c a r b o n a t e  f u n c t i o n a l  
g ro u p s  on t h e  s u b s t r a t e  p o ly m e rs .  The w e i g h t - l o s s  p a t t e r n s  from TGA 
and  DTA s e rv e d  a s  an  a n a l y t i c a l  t e c h n iq u e  f o r  d e t e r m in in g  th e  number 
o f  m e rc a p ta n  g ro u p s  g e n e r a t e d  on t h e  c h l o r o m e th y l a te d  po lym er s u b s t r a t e s .
xiii
INTRODUCTION
M e r c a p t a n - c o n t a i n i n g  p o ly m ers  hav e  b e e n  u t i l i t i z e d  a s  
s e l e c t i v e  s e q u e s t e r i n g  a g e n t s  w h ich  form s t a b l e  m e r c a p t i d e s  w i th  
h e av y  metnLs such  a s  llg, Pb, Ag, Cu, Cd, Fc, Zn,  N i,  Pd, a n d  Au. 
T h is  p r o p e r t y  h as  b een  u s e d  Cor t h e  d e t e c t i o n  o f  t h i o l  g ro u p s  i n  
b i o l o g i c a l  s y s te m s  a s  w e l l  a s  f o r  t h e  p r e p a r a t i o n  o f  e x c h a n g e  
r e s i n s  f o r  th e  rem o v a l o f  h e a v y  m e ta l  i o n s .  C r o s s l i n k e d  p o ly -  
( v i n y l b e n z y l  m e rc a p ta n )  p r e p a r e d  by P a r r i s h 1 and  c r o s s l i n k e d  p o ly -  
( jg - m e r c a p to s ty r e n e )  s y n t h e s i s e d  by G re g o r  e t  a l . a  b o th  p ro v e d  
e f f e c t i v e  as  s e q u e s t e r i n g  a g e n t s .  The r e c o v e ry  o f  th e  bound m e ta l  
io n s  by t r e a t m e n t  w i t h  am inonical 2 , p - d i m e r c a p t o - l - p r o p a n o l  (BAL) 
i l l u s t r a t e s  th e  r e v e r s i b i l i t y  o f  t h e  p r o c e s s .
T h i o l s  a r e  r e d u c i n g  a g e n t s  a c c o r d in g  t o  t h e  r e a c t i o n
2RSH ^  R -S -S -R  +  2 H %  2 e® .
The red o x  r e a c t i o n  can  be r e v e r s e d  w i t h  s t r o n g  r e d u c in g  a g e n t s  and
t h i o l s  can  be r e g e n e r a t e d  from  d i s u l f i d e s .  C o n s e q u e n t ly ,  m e rc a p ta n  
po lym ers  a r e  p o t e n t i a l l y  u s e f u l  a s  r e d o x  r e s i n s . 3  The a p p l i c a t i o n  
o f  p o ly ( jp - m e r c a p to s ty r e n e )  a s  a r e d o x  r e s i n  was e x p lo r e d  by  C a s s id y  
e t  a l . 4  b u t  e f f o r t s  t o  d e t e r m in e  t h e  red o x  p o t e n t i a l  w ere  th w a r te d  
by p r e c i p i t a t i o n  o f  th e  p o lym er d u r in g  th e  t i t r a t i o n .
S y n t h e t i c  m e r c a p t a n - c o n t a i n i n g  po lym ers  a r e  a l s o  i n t e r e s t i n g
i n  r e l a t i o n  to  t h e  i m p o r t a n t  r o l e  o f  t h e  t h i o l  f u n c t i o n  i n  enzyme
1
s y s t e m s 5  a n d  t h e  c a t a l y t i c  p r o p e r t i e s  o f  c o p o ly m e rs  c o n t a i n i n g  m e r ­
c a p t a n  and  i m i d a z o l e  s u b s t i t u e n t s  h a v e  b e e n  i n v e s t i g a t e d . 6  W a te r  
s o l u b l e  c o p o ly m e rs  h a v e  b e e n  s t u d i e d  a s  a n t i r a d i a t i o n  a g e n t s . 7  A 
s h o r t  te rm  p r o p h y l a x i s  was o b s e r v e d  w h ic h  was a t t r i b u t e d  t o  t h e  
a b i l i t y  o f  m e r c a p ta n s  t o  i n h i b i t  f r e e  r a d i c a l  r e a c t i o n s  by  t h e  
f o r m a t i o n  o f  s t a b l e  t h i o l  r a d i c a l s .  A r e c e n t  ESR s t u d y  o f  c o ­
p o ly m e rs  o f  v i n y l  p y r r o l i d o n e  a n d  v i n y l  m e r c a p ta n  c o n f i r m  t h i s  h y ­
p o t h e s i s ;  e x p o s u r e  o f  t h e s e  c o p o ly m e rs  t o  i o n i z i n g  r a d i a t i o n  
i n i t i a l l y  p ro d u c e d  p y r r o l i d i n y l  r a d i c a l s  w h ich  r a p i d l y  r e a r r a n g e d  
t o  e x c e p t i o n a l l y  s t a b l e  t h i y l  r a d i c a l s . 8
A v a r i e t y  o f  s y n t h e t i c  m e th o d s  e x i s t  f o r  t h e  p r e p a r a t i o n  o f  
m e r c a p t a n - c o n t a i n i n g  p o ly m e r s .  I n  c o n t r a s t  t o  v i n y l  a l c o h o l ,  
v i n y l  m e r c a p ta n  c a n  be i s o l a t e d  i n  v e r y  low y i e l d  from  t h e  a d d i t i o n  
o f  h y d ro g e n  s u l f i d e  t o  a c e t y l e n e  i n  t h e  p r e s e n c e  o f  f r e e  r a d i c a l  
i n i t i a t o r s  s u c h  a s  p e r o x i d e s ,  a z o  com pounds, and  UV l i g h t . 3  However
HCSCH +  H^S CHa=CH
SH
i t  i s  u s e l e s s  a s  a monomer b e c a u s e  t h e  s u l f h y d r y l  g ro u p  i s  to o  
l a b i l e ,  i . e .  i t  i s  a v e r y  e f f i c i e n t  c h a i n  t r a n s f e r  a g e n t  and  u n d e r ­
g o e s  t r i m e r i z a t i o n  v i a  a t a u t o m e r i c  t h i o a c e t a l d e h y d e  i n t e r m e d i a t e . 1 0  
Thus one  i s  f o r c e d  t o  r e s o r t  t o  i n d i r e c t  s y n t h e t i c  t e c h n i q u e s  o f  
t h e  f o l l o w i n g  g e n e r a l  t y p e s :  ( a )  t h e  p o l y m e r i z a t i o n  o f  monomers
c o n t a i n i n g  a  p o t e n t i a l  m e r c a p ta n  f u n c t i o n  w h ic h  i s  p r o t e c t e d  b y  a  
s u b s e q u e n t l y  r e m o v a b le  " b l o c k i n g "  g r o u p ,  ( b )  c h e m ic a l  m o d i f i c a t i o n  
o f  p r e fo rm e d  p o ly m e r s .
Monomer . s y n t h e s i s ,  fo l lo w e d  by p o ly m e r i z a t io n ,  h a s  th e  
a d v a n ta g e  t h a t  th e  c o m p o s i t io n  o f  th e  p ro d u c t  i s  known w i th  i n ­
c r e a s e d  c e r t a i n t y ,  and  t h a t  th e  p ro d u c t  i s  r e a d i l y  c h a r a c t e r i z e d .  
However, t h e  m o le c u la r  w e ig h t s  o f  t h e  po lym ers  a r e  u s u a l l y  too  
low to  e x h i b i t  good m e c h a n ic a l  p r o p e r t i e s .  T hus ,  th e  a d v a n ta g e s  o f  
ch e m ic a l  m o d i f i c a t i o n  o f  p re fo rm ed  h ig h  m o l e c u la r  w e ig h t  polym ers 
become a p p a r e n t ,  e s p e c i a l l y  when c o n s i d e r a t i o n s  o f  p h y s i c a l  p r o p e r ­
t i e s ,  t o t a l  c a p a c i t y ,  and c o s t  a r e  u p p e rm o s t .  F a c t o r s  su c h  a s  
l i m i t e d  s o l u b i l i t y ,  s i d e  r e a c t i o n s  and  c r o s s l i n k i n g  g e n e r a l l y  c a u s e  
some d i f f i c u l t i e s  i n  c h e m ic a l  m o d i f i c a t i o n  o f  h ig h  p o ly m e rs . 1 1 1 1 2 ’ 1 3  
F r e q u e n t l y ,  c h e m ic a l  r e a c t i o n s  o f  po lym ers  w i l l  n o t  t a k e  p l a c e  due 
t o  th e  i n c r e a s e d  h in d e r a n c e  im posed by th e  po lym er c h a i n s . 1 4  
The c h o ic e  o f  w hich r o u t e  t o  t a k e  -  from monomer, o r  from  p re fo rm e d  
po lym er - c l e a r l y  d ep en d s  upon th e  u l t i m a t e  a p p l i c a t i o n  o f  t h e  
p r o d u c t .
A. V in y l  M ercap tan  P r e c u r s o r s
The a p p l i c a t i o n  o f  s e v e r a l  d i f f e r e n t  b lo c k in g  g ro u p s  to  
p o ly m e rc a p ta n  s y n t h e s i s  h a s  been  th o r o u g h ly  e v a l u a t e d .  I n  g e n e r a l ,  
t h i s  t e c h n iq u e  e n a b le s  one to  p r e p a r e  homopolymers o f  v i n y l  m er­
c a p ta n  u n d e r  c o n d i t i o n s  w here  t h e  s t r u c t u r e  o f  th e  po lym er can  be 
a s s ig n e d  a c c u r a t e l y .  F o r  exam ple , v i n y l t h i o e s t e r s  such a s  S - v in y l  
t h i o a c e t a t e 1 2  can be p r e p a r e d  i n  k j % y i e l d  by p a s s in g  1  ̂ th ro u g h  a 
g l a s s - p a c k e d  column h e a t e d  to  500°* A t te m p ts  to  d u p l i c a t e  t h e s e  
r e s u l t s  r e v e a l e d  t h a t  t h e  y i e l d s  a r e  e x t r e m e ly  v a r i a b l e  and  t h a t  th e  
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The p o l y m e r i z a t i o n  and  c o p o l y m e r i z a t i o n  o f  v i n y l  t h i o a c e t a t e  (£ ,  
R=CH3 ) h a s  b e e n  r e p o r t e d . 1 0 - 1 3  H owever, monomer { 2 )  e x h i b i t  h ig h  
t r a n s f e r  c o n s t a n t  ( 5 - 6 x 10 2 ) so  t h e  m o l e c u l a r  w e ig h t s  o f  t h e i r  
p o ly m ers  do n o t  e x c e e d  2 0 0 0 .  S u b s e q u e n t  h y d r o l y s i s  o f  t h e  t h i o ­
a c e t a t e  f u n c t i o n a l  g ro u p  r e q u i r e d  a l k a l i n e  c o n d i t i o n s  and  i s  accom ­
p a n ie d  by o x i d a t i v e  c r o s s l i n k i n g .
C o p o ly m e r iz a t io n  w i th  v i n y l e n e  c a r b o n a t e 1 0 , m e th y lm e th a c ry -
l a t e '1 5 ) 2 0 N - v i n y l s u c c i n i m i d e , 1 8  N - v i n y l p h t h a l i m i d e , 1 8  N - v i n y l -
c a r b a z o l e , 1 8  s t y r e n e , 1 5 , 1 9  v i n y l a c e t a t e , 1 5 1 1 3  and m e th y l  a c r y l a t e 1 9  
a s  w e l l  a s  t h e  h y d r o l y s i s  o f  t h e s e  p o ly m e rs ,  h a s  b e e n  r e p o r t e d .  
C opolym ers o f  v i n y l  t h i o a c e t a t e  w i th  e s t e r s  o f  1 , ^ - b u t e n e d i o i c  a c i d  
c a n  be u s e d  a s  c o a t i n g  compounds ; t h e i r  h y d r o ly z e d  c o p o ly m e rs  
c a n  be u s e d  i n  c a t i o n i c - e x c h a n g e  r e s i n s  and  w a t e r  s o f t e n e r s . 21  
P o l y m e r i z a t i o n  o f  v i n y l  t h i o a c e t a t e  (g,) i n  l i q u i d  ammonia y i e l d s  
p o l y ( v i n y l  t h i o l )  w i t h  i n t r a -  o r  i n t e r m o l e c u l a r  d i s u l f i d e  b r i d g e s ,
t h e  a c e t a t e  p a r t  o f  th e  m o le c u le  i s  c o n c o m i ta n t ly  s p l i t  o f f  to  
form  a c e t a m id e .2^
I n  a s i m i l a r  f a s h i o n ,  v i n y l  t h i o b e n z o a t e  was s y n t h e s i z e d  
i n  low y i e l d  ('"'J1 0$) by p y r o l y s i s  o f  { i -a c c to x y e th y  1 t h i o b e n z o a t e  
(l^, R = w hich was d e r i v e d  from th i o b e n z o ic  a c i d  and v i n y l
a c - e ta tc  i n  th e  p r e s e n c e  o f  s u l f u r i c  a c i d . The p o ly m e r i z a t io n  and
c o p o ly m e r iz a t io n  o f  £  ( r = CGH3 ) w ere  c a r r i e d  o u t  i n  b u lk  u s in g  
a z o b i s i s o b u t y r o n i t r i l e  (A m u) a s  i n i t i a t o r .  B a s ic  h y d r o l y s i s  o f  
th e  polym er y i e l d e d  p o l y ( v i n y l  m e rc a p ta n ) .  However no s u f f i c i e n t  
im provem ent i n  th e  d e g re e  o f  p o ly m e r i z a t io n  was r e p o r t e d .
P o ly ( jD -m e rc a p to s ty re n e )  was p r e p a r e d  by th e  p o ly m e r i z a t io n  
o f  jD -v iny lpheny l t h i o a c e t a t e "2'̂ ;,25 ( ^ )  w hich was s y n t h e s i z e d  from 
j i -am in o ace to p h e n o n e  (U ). (Scheme i )  C o n v e rs io n  o f  1} t o  t h e
Scheme I
c - c h 3
( i )  HONO
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x a n t h a t e  (b )  and r e a c t i o n  w i th  p o ta s s iu m  e t h y l  x a n t h a t e ,  fo l lo w e d  
by r e d u c t i o n ,  gave 6 .  F o rm a t io n  o f  t h e  d i a c e t a t e  (£ )  and c le a v a g e  
o f  a c e t i c  a c i d  gave ^  i n  10$ o v e r a l l  y i e l d .  T h is  was r e a d i l y  
p o ly m e r iz e d  u s in g  AIBN as  I n i t i a t o r .  S a p o n i f i c a t i o n  o f  th e  r e s u l ­
t a n t  homopoiymer gave a p u re  homogeneous a l k a l i  s o l u b l e  p o ly m er .  
Copolymer I z a t i o n  w i th  m e thy l m e t h a c r y l a t e  g a v e ,  upon s a p o n i f i c a t i o n ,  
a n o t h e r  s y n t h e t i c  m e r c a p ta n - c o n ta in i n g  p o ly m e r .
An i n t e r e s t i n g  a p p ro ac h  t o  p o ly m e rc a p ta n s  u t i l i z e s  t h e  
m e r c a p t id e  io n  as  a b lo c k in g  g ro u p .  V in y Ib e n z y l  t h i o a c e t a t e ^ 6 (^ )  
was p r e p a r e d  i n  6 8 . 5$ y i e l d  by t r e a t i n g  an a l k a l i  m e ta l  s a l t  o f  a 
c a r b o t h i o l i c  a c i d  w i th  v in y l b e n z y l  c h l o r i d e  ( 8 a )  ( J0 : ^0  to  
o - i s o m e r ) .  B a s ic  h y d r o l y s i s  o f  y i e l d e d  i j2 .6 $  o f  t h e  c o r r e s p o n d in g  
v i n y l b e n z y l  m e rc a p ta n  ( l l j a ) . A l t e r n a t i v e l y ,  S - ( ^ - v i n y l b e n z y l ) -  
i s o t h i o u r e a  and i s o t h i u r o n i u m  c h l o r i d e ^ 7 (1 0 )  was p r e p a r e d  by 
t r e a t i n g  p u re  I j - v in y ib e n z y l  c h l o r i d e  (8b) w i th  t h i o u r e a .  S u b se ­
q u e n t  h y d r o l y s i s  o f  10  ̂ y i e l d e d  7 8 $ it-v iny  I b e n z y l  m e rc a p ta n  (jUJj) .
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H e a t in g  Ha^ w i th  AIBN f o r  f o u r  days  a t  100° y i e l d e d  a 
p o ly ( v i n y l b e n z y l  m e rc a p ta n )  w i t h  1 6 .6  w t . ^  o f  s u l f u r .  Em ulsion 
p o ly m e r i z a t i o n  o f  l l j ^  i n i t i a t e d  by p o ta s s iu m  p e r s u l f a t e  i n  a l k a l i n e  
m ed ia  y i e l d e d  t h e  c o r r e s p o n d in g  i n s o l u b l e  m e rc a p ta n  c o n t a i n i n g  
p o ly m e r .  A l k a l i  m e ta l  s a l t s  o f  th e  po lym er from ljLa a r e  w a te r  
s o l u b l e  and may be o x id i z e d  w i th  C a (0 C l ) 2  to  g iv e  i n s o l u b l e  p ro d ­
u c t s  c o n t a i n i n g  SS l i n k a g e s  b e tw ee n  th e  po lym er c h a i n s .  D e ta i l e d  
c h a r a c t e r i z a t i o n  o f  t h e s e  po ly m ers  was n o t  r e p o r t e d ,  so  th e  e f f i ­
c i e n c y  o f  th e  m e r c a p t i d e  io n  i n  p r e v e n t i n g  c h a i n  t r a n s f e r  r e a c t i o n s  
c o u ld  n o t  be e v a l u a t e d .  However, i t  i s  d i f f i c u l t  to  c o n c e iv e  o f  a 
s im p l e r  b lo c k in g  g ro u p .
An a l t e r n a t e  a p p ro ac h  was c o n s id e r e d  by H. R i n g s d o r f ,  
e t  a l . 2 0 - 3 1  They p r e p a re d  v i n y l  m e r c a p ta l s  by d e h y d r a t i o n  o f  
t h e  an a lo g o u s  S -& -h y d ro x y le th y l  compounds and d e h y d r o h a lo g e n a t io n  
o f  S * ( t3 - c h lo ro e th y l ) m o n o th io a c e ta l s . The monomers w ere  p o ly m e r iz e d  
r a d i c a l l y  w i th  AIBN and c a t i o n i c a l l y  w i th  BF3 - e t h e r a t e  (Scheme I I ) .
Only low m o le c u la r  w e ig h t  p o ly m ers  were o b t a i n e d  r e g a r d l e s s  o f  th e  
r e a c t i o n  c o n d i t i o n s .  F u r t h e r ,  t h e  p o ly m e r ic  m e r c a p t a l  c o u ld  n o t  
be  h y d ro ly z e d  to  p o ly m e rc a p ta n .
P r e p a r a t i o n  and c y c l o p o l y m e r i z a t i o n  o f  S , S ' - d i v i n y l m e r c a p t a l s
(^g) have  a l s o  b een  r e p o r t e d  by two d i f f e r e n t  g ro u p s .  R in g s d o r f  
and O v e r b e r g e r 2 8 j 3 1  found  t h a t  S , S #- d i v i n y l  d i t h i o f o r m a l  (1 2 ,  X =/NTSJ
S ; R = -CH=GH2 ) c a n  b e  p r e p a r e d  by d e h y d r a t i o n  o f  S , S ' - ( / 3 - h y d r o x y e t h y l ) -  
d i t h i o f o r m a l . F r e e  r a d i c a l  p o l y m e r i z a t i o n  o f  12 i n  d i l u t e  s o l u t i o n
Scheme II
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t o  low c o n v e r s io n s  fa v o re d  t h e  fo rm a t io n  o f  l i n e a r  p o l y d i v i n y l -  
m e rc a p ta l  c o n t a i n i n g  d i t h i a n e  r e p e a t  u n i t s  ( 1 ^ ) .  The e x t re m e ly
low m o le c u la r  w e ig h t  s o lu b le  p o r t i o n  c o n t a in e d  a p p ro x im a te ly  2 6 $
r e s i d u a l  u n s a t u r a t i o n  and c r o s s l i n k e d  r a p i d l y  upon e x p o s u re  to  
a i r . 3 2  M atsoyan and Soakyan3 2  p re p a re d  S ,S  / - d i v i n y l  d i t h i o f o r m a l  
by t r e a tm e n t  o f  e t h y le n e  s u l f i d e  w i th  h y d ro g e n  c h l o r i d e  i n  t h e  
p r e s e n c e  o f  p a ra fo rm a ld e h y d e  t o  p roduce  S ,S '" ( P - c h lo r o e t h y l )  d i t h i o -  
f o rm a l  w hich  was s u b s e q u e n t ly  d e h y d ro g e n a te d .  S i m i l a r l y  S ,S d i v i n y l  
d i t h i o a c e t a l  and  S , S / “d i v i n y l d i t h i o p r o p i o n a l  w ere  s y n t h e s i z e d  from th e
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c o r r e s p o n d in g  a ld e h y d e s .  The s u b s t i t u t e d  m e r c a p t a l s  c y c l o p o ly -  
m e r iz e d  i n  b u lk  b u t  s o l u b l e  p o l y ( S , S / - d i v i n y l d i t h l o f o r m a l )  c o u ld  
o n ly  be  o b t a in e d  by a l lo w in g  th e  monomer t o  s ta n d  in  t h e  sun  f o r  
e i g h t  m o n th s .
The e x t e n s i v e  l , 3 _h i t h i a n e  s t u d i e s  by E. J .  Corey , 
e t  a l . 33  showed t h a t  one s h o u ld  be  a b l e  to  a l k y l a t e  p o ly m e rs  co n ­
t a i n i n g  d i t h i a n e  r i n g s  ( 1 ^ ,  R = H) by p r e p a r i n g  a  l i t h i o  s a l t  o f  
th e  po lym er w i th  b u t y l  l i t h i u m  fo l lo w e d  by t r e a t m e n t  w i th  an a l k y l
AIBN
10
h a l i d e ,  b u t  a l l  a t t e m p t s  from t h i s  l a b o r a t o r y  to  r e l e a s e  t h e  e l a ­
b o r a t e d  a ld e h y d e s  g e n e r a te d  by t h i s  p r o c e s s  f a i l e d .
The p r e p a r a t i o n  and c y c l o p o l y m e r l z a t i o n  o f  S ,S  / - d l v l n y l -  
d i t h l o c a r b o n a t e  h a s  been r e p o r t e d  by R in g s d o r f  and O v e r b e r g e r .*14 
T h e i r  r e s u l t s  i n d i c a t e d  t h a t  t h i s  c o u ld  be  a  p o t e n t i a l  monomer f o r  
th e  p r e p a r a t i o n  o f  s t e r e o r e g u l a r  p o ly m e r c a p ta n s . R e i n v e s t i g a t i o n  
o f  th e  monomer s y n t h e s i s  was co n d u c te d  l a t e r  by O v e rb e rg e r  and 
D a ly . 3 5  T h e i r  r e s u l t s  showed t h a t  d e h y d r o h a lo g e n a t io n  o f  S jS * -  
( P - c h l o r o e t h y l ) d i t h i o c a r b o n a t e  (Vi)  w i th  p o ta s s iu m  _ t -b u to x id e  
y i e l d e d  a m ix tu r e  o f  S , S /- d i v i n y l d i t h i o c a r b o n a t e  ( l ^ ) j  S - v i n y l -  
O - J t - b u ty l t h io c a r b o n a te  ( IGJi, S- ( [ 3 - c h l o r o e t h y l ) - 0 - J : - b u t y l t h i o c a r b o n a t e  
( r £ )  S- ( f 3 - v in y lm e r c a p to ) e th y l  - S ' - v i n y l - d i t h i o c a r b o n a t e  , and 
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o f  t h e  r e a c t i o n  m ix tu r e  i s  an exam ple o f  t h e  f a c i l e  r e a r r a n g e m e n ts  
t h a t  t h i o c a r b o n a t e s  u n d e rg o  i n  b a s i c  m e d ia .  The c y c lo p o ly m e rs  
i n i t i a l l y  r e p o r t e d 3 4  w ere  d e r iv e d  fjrom i^l, b u t  f r e e  r a d i c a l  c o p o ly ­
m ers o f  ^  a l s o  y i e l d e d  c y c lo p o ly m e rs  o f  low m o le c u la r  w e ig h t ( [T |3 = 
0.0^).3G
S in c e  c y s ta m in e  i s  one o f  th e  m ost e f f e c t i v e  r a d i a t i o n  
p r o p h y l a c t i c s  known, th e  p r e p a r a t i o n  and p o ly m e r i z a t io n  o f  S- 
v in y  1 - N - v in y l t h io c a r b a m a te s 3 7  (21,) was u t i l i z e d  in  an  a t t e m p t  t o  
p r e p a r e  a l t e r n a t i n g  p o l y ( v i n y l  a m in e -v in y lm e rc a p ta n )c o p o ly m e r s .  (Scheme 
I I I ) .  The d i v i n y l  monomers w ere  p r e p a re d  by d e h y d r o c h l o r i n a t i o n  o f  th e  
r e s p e c t i v e  S - 2 - c h l o r o e t h y l a l k y l t h i o c a r b a m a t e s  ( 2 0 ) .  The monomers 
(21 )̂ were p o ly m e r iz e d  u n d e r  a v a r i e t y  o f  c o n d i t i o n s  t o  y i e l d  
" t e r p o l y m e r s "  ( 2 2 ) composed o f  th e  t e t r a h y d r o - 1 , 3 - t h i a z i n - 2 -o n e  
m o ie ty  as  w e l l  as  p o l y - S - v i n y l  and p o ly - N - v in y l  u n i t s .  A t te m p ts  
to  i s o l a t e  p o ly m e r ic  a -am in o  y - t h i o l s  ( 2^ )  fo rm ed by h y d r o l y s i s  
o f  t h e  r e s u l t a n t  " t e r p o l y m e r s "  ( 2 2 ) p roved  u n s u c c e s s f u l .
O kaw ara , e t  a l . 3a  r e p o r t e d  t h a t  th e  a d d i t i o n  o f  sodium  N,N- 
d i a l k y l d i t h i o c a r b a m a t e  t o  1 , 2 - d i c h l o r o e t h a n e  (Scheme IV) i n  DMF 
y i e l d e d  a d ia d d u c t  ( 2 h) w hich c o u ld  be  c r a c k e d  t o  p ro d u c t  S - v i n y l - 
N ,N - d ia l k y i  d i t h i o c a r b a m a t e  (2^) • Monomer 2 £  c o u ld  be p o ly m e r iz e d  
u n d e r  f r e e  r a d i c a l  c o n d i t i o n s ,  b u t  i t  e x h i b i t e d  a  h ig h  c h a i n  
t r a n s f e r  c o n s t a n t  so  t h e  m o le c u la r  w e ig h t  o f  th e  r e s u l t a n t  po lym er 
(2 6 ) was r a t h e r  low . F u r th e r m o re ,  t h e  th e rm a l  s t a b i l i t y  o f  t h e  
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was v e ry  s i m i l a r  t o  d ia d d u c t  2k,  w hich  c o u ld  be  c r a c k e d  a t  r e l a -  
t i v e l y  low t e m p e r a t u r e s .  P o ly m e rc a p ta n  (27) c o u ld  be  g e n e r a te d  
from  26 by t r e a t m e n t  w i th  d im e th y la m in e .  P o lym ers  c o n t a i n i n g  t h e  
d i t h i o c a r b a m a t e  m o ie ty  a r e  r e p o r t e d  t o  be e f f e c t i v e  p h o t o s e n s i t i v e  
r e s i n s . l i > 66
I n  c o n n e c t io n  w i th  an  i n v e s t i g a t i o n  c o n c e r n in g  t h e  p r e p a r a ­
t i o n  o f  s u l f u r - c o n t a i n i n g  p o ly m ers  a s  p o t e n t i a l  r a d i a t i o n  p r o p h y l ­
a c t i c s ®9  O v e r b e r g e r ,  e t  a l . 40 s y n t h e s i z e d  S - ( 8 - c h l o r o e t h y l ) t h i o -  
c h l o r o f o r m a te  ( 2 8 ^ and u t i l i z e d  i t  t o  p r e p a r e  s e v e r a l  v i n y l
Scheme IV







a, ; ^ oc
~  CHpCH— _ AIBN
1 R2 N-C-S-CH=CH£ + CS2  + RpNH
S-C-NR^ "
»' S
( * >  s  ^AM
( CH-JoNH
► i n s o l .  r ^ 2 CH~ + (CH3 ) 2  N-C-NRp.
' II
SH s
( 2 7 )
t h i o c a r b o n a t e s  and v i n y l  t h io c a r b a m a te s  . The monomers 
w ere  p o ly m e r iz e d  by f r e e  r a d i c a l  i n i t i a t i o n .  S e v e r a l  o f  t h e s e  d e ­
r i v a t i v e s  y i e l d e d  r e a s o n a b l y  h ig h  m o l e c u l a r  w e ig h t  p o ly m e rs ,  b u t  
th e  po lym ers  p roved  d i f f i c u l t  to  h y d r o ly z e  t o  th e  d e s i r e d  po ly m er-  
c a p t a n s .
CH2 -CH2  +  C l-C -C l
' S '  a




CH2 =CH-S-fl-X-R ----- ° .~£.t Bu C1-CH2 CH2 -S-C-X-R
I 0  0
I AIBN X=0, S, N
P o l y m e r s ( D i f f i c u l t  to  h y d r o ly z e )
In  l y 6 b , a  new monomeric p r e c u r s o r  t o  p o ly m e rc a p ta n s  co n ­
t a i n i n g  a  th e rm a l ly  rem o v a b le  o r  a c i d - l a b i l e  s u l f h y d r y l  b lo c k in g  
group was r e p o r t e d  by O v e rb e rg e r  and D a iy . ' lJ S y n th e s i s  o f  t h i s  
monomer, S - v in y l - O - jL - b u t y l t h io c a r b o n a t e  (b ^ )  was a c h ie v e d  by t r e a t i n g  
2 moles o f  p o ta s s iu m  _ t-b u to x id e  w i t h  1 mole o f  S - ( f i - c h l o r o e t h y l ) -  
c h l o r o t h io f o r m u t e  e f f e c t i n g  a c o n c u r r e n t  e s t e r i f i c a t i o n  and
i' V ' j
d e h y d ro h a lo g e n a t io n ,  t o  p ro d u ce  ljh and S - ( 3 - c h l o r o e t h y l ) o - J >  
b u t y l t h i o c a r b o n a t e  (1JT) ■ The b lo c k in g  g roup  c o u ld  be
0
CICHpCH-.S-C-Cl + 2K ®  0 Q -C(CH3 ) 3 e ^ e r  CH2=CH + ClCH^CH^S-C-O-.t-Bu 
0 S-C-O-^t-Bu
(~ '  °  ( W
<i£>
16 -* IBN ■> fCHs-CHj ------- T*~ \iu — *  fcH s-C H j + COo +  CH^C-CH,^  , x o r  d ry  HBr ^ , Jx  ^  ^  , 3




removed by t r e a tm e n t  o f  t h e  polym er ( 2 wi t h  anhydrous  HBr i n  6 :1  
c h l o r o f o r m - t e t r a c h l o r o e t h a n e  o r  by th e r m o l y s i s  a t  I 5O0  C in  N- 
m e th y lp y r r o l i d o n e  to  y i e l d  p o ly (  v i n y l  n te rc a p ta n )  (^ O j . The a u t o x -  
i d a t i o n  o f  t h e s e  po lym ers  and r e l a t e d  model compounds was s t u d i e d  
i n  an  e f f o r t  t o  a s c e r t a i n  t h e  i n f l u e n c e  o f  th e  po lym er s t u c t u r e  on 
r e a c t i v i t y . 45
R e c e n t ly  th e  s y n t h e s i s  o f  p o ly m e rs  and c o p o ly m e rs  o f  a n  i s o t h i -  
u ro n iu m  s a l t  was r e p o r t e d . '];J The a u t h o r s  p r e p a r e d  2 -  [ ( m e t h a c r y lo x y ) -  
a l k y l j i s o t h i u r o n i u m  s a l t s  ( vj l )  by t h e  f o l l o w i n g  p r o c e d u r e :
C=0
6 - ( c h 2 ) -o h
5 0 ,2 C1 ch2 = c - c h 3
9=0
0 - ( c h 2 ) -0 T sn
2,3,){■ cti3
NH2 -C-NH2
2 0 -2 5  Polym er
1 NaOH
t-BuOH 0-(CH 2 )-S-C=NH2
n nh2
ch2 = $ -c h 3
AIBN 9 = 0  OTs"
c o u ld  b e  p o ly m e r iz e d  o r  c o p o ly m e r iz e d  w i t h  o t h e r  m onom ers, e .j* . 
a c r y l i c  a c i d  and a c r y l a m i d e .  P o l y m e r i z a t i o n  o f  t h e s e  monomers 
p r o c e e d s  v e r y  s lo w ly  e v e n  i n  p o l a r  s o l v e n t s  and h i g h  d e g r e e s  o f  
c o n v e r s i o n  w ere  d i f f i c u l t  t o  o b t a i n .  A l k a l i n e  h y d r o l y s i s  o f  t h e  
i s o t h i u r o n i u m  s a l t  was accom pan ied  by e t h y l e n e  s u l f i d e  e v o l u t i o n  
i n  some c a s e s ;  t h i s  s i d e  r e a c t i o n  r e d u c e d  t h e  y i e l d  o f  m e r c a p t i d e  
g ro u p s  s i g n i f i c a n t l y .  The p o ly m ers  may be u s e f u l  as  a n t i f o g g i n g  
a g e n t s  and s i l v e r  p h o to g r a p h i c - im a g e  s t a b i l i z e r s  a g a i n s t  o x i d a t i v e  
d e g r a d a t i o n .  A s i m i l a r  a p p ro a c h  was u s e d  t o  make v i n y l  i s o t h i o u r o -  
nium s a l t s  and  t h e i r  c o p o l y m e r s . 44
B. Ring Opening Polymerization of Cyclic Mercaptan Precursors
S in c e  t h e  c h a i n  t r a n s f e r  p r o p e r t i e s  o f  v i n y l  m e rc a p ta n  p r e ­
c u r s o r s  l i m i t e d  th e  m o l e c u la r  w e ig h t s  a t t a i n e d  i n  a d d i t i o n  p o l y ­
m e r i z a t i o n ,  s e v e r a l  r i n g - o p e n i n g  p o l y m e r i z a t i o n s  o f  monomers w i th  
t h i o - s u b s t i t u e n t s  w ere e v a l u a t e d .
P o l y - L - c y s t e i n e  (%%) h a s  b e e n  p r e p a r e d  by p o l y m e r i z a t i o n  o f  
S - c a r b o b e n z o x y - N - c a r b o x y - L - c y s t e in e  a n h y d r id e  ( 5 2 ) ,  f o l lo w e d  by 
r e d u c t i o n  w i th  sod ium  i n  l i q u i d  ammonia . 45  The r e a c t i v i t y  o f  th e  
t h i o l  g ro u p s  i n  t h i s  po lym er to w a rd  v a r i o u s  r e a g e n t s  h a s  b e e n  i n ­






















P o l y - ( N - m e t h a c r y i y l  c y s t e i n e )  h a s  b e e n  p r e p a r e d  by u s in g  S- 
t h i o p h e n y l  o r  S - b e n z y l  b l o c k i n g  g ro u p s  t o  p r o t e c t  t h e  t h i o l  sub ­
s t i t u e n t  d u r i n g  m e t h a c r y l a t i o n  and p o l y m e r i z a t i o n . 4 6  T re a tm e n t  o f  
t h e  r e s u l t a n t  p o ly m e r  w i th  sod ium  i n  l i q u i d  ammonia p ro d u c e d  f r e e  
c y s t e i n e  r e s i d u e s  i n  51^6 y i e l d .  A l t e r n a t i v e l y ,  N ,N / - b i s - m e t h a c r y l y l
1Y
c y s t e i n e  w a s  p r e p a r e d ,  p o l y m e r i z e d  t o  a  c r o s s l i n k e d  g e l  a n d  '(* )'$>  o f  
t h e  t h e o r e t i c a l  c y s l e L n c  r e s i d u e  w e r e  l i b e r a t e d  o n  r e d u c t i o n  o f  
f l i e  d i s u l f i d e  l i n k a g e .  T h e s e  p o l y m e r s  s h o u l d  b e  o f  i n t e r e s t  a s  a  
p o t e n t i a l  r a d i a t i o n  p r o p h y l a c t i c s .







■fCHp-C-J —  fCHp-CH^-
, x , x




C H p S H  C H p S - S - C s Hs
In  an  e f f o r t  to  im prove t h e  m e c h a n ic a l  p r o p e r t i e s  o f  p o ly -  
m e r c a p ta n s ,  G o e th a l s  tu r n e d  t o  c a t i o n i c  p o l y m e r i z a t i o n  o f  3 ,3 - 
M s  ( m e t h y l e n e t h i o e s t e r  ) o x e t a n e s . /l7 U sing  d i t h i o c a r b o n a t e s  o r  b i s - 
( t h i o a c e t a t e )  d e r i v a t i v e s  po ly m ers  (^§,) w i th  m o le c u la r  w e ig h ts
a s  h ig h  as  2 1 ,1 0 0  c o u ld  be o b t a i n e d .  H ig h e r  m o l e c u l a r  w e ig h t
0 ,
CH2 -C1 +
+  Na “S-C-CH3
ch2 - c i  o'




1 ,  NaOH 
SH SH *  2 .  HC1
O nly s o l .  i n  a l k a l i n e  media
f e °  ^:h3
Mn = 2 1 , 1 0 0
10
m a t e r i a l s  were p r e p a r e d  by c o p o ly m e r iz in g  th e  s u l f u r  c o n t a i n i n g  
monomers w i th  '). ^ -b i s ( c h lo r o m e th y l ) o x e t a n e  b u t  e x t e n s i v e  c r o s s -  
l i n k i n g  o c c u r r e d  d u r in g  th e  d e b lo c k in g  s t e p  due  to  th e  n u c l e o p h l l i c  
a t t a c k  o f  l i b e r a t e d  m e rc a p t id e  io n s  on r e s i d u a l  c h lo ro m e th y l  s u b s t i ­
t u e n t s  .
C. M e rc a p ta n -C o n ta in in g  C o n d e n s a t io n  P o lym ers
S y n t h e t i c  m e thods  f o r  t h e  p r e p a r a t i o n  o f  b lo c k e d  s u l f h y d r y l  
monomers and t h e i r  s u b s e q u e n t  c o n d e n s a t io n  p o ly m e r i z a t i o n  w ere  i l ­
l u s t r a t e d  by t h e  work o f  O v e rb e rg e r  and A sc h k e n a s y . 48  Em ploying 
th e  ca rb o b en zo x y  b lo c k i n g  g ro u p ,  a  m e r c a p t a n - c o n t a i n i n g  po lyam ide  
a sa - d i t h i o l a d i p y l  c h l o r i d e  ('£&) and h e x a m e th y le n e d ia m in e  
was p r e p a r e d .  S i m i l a r l y ,  a p o ly u r e t h a n e  ( î )  s y n t h e s i z e d  from  2- 
b e n z y l th io m e th y l - 1  , l ! - b u t a n e d i o l  and h ex am e th y le n e  d i i s o c y a n a t e
y i e l d e d  a  p o ly m e rc a p ta n  on d e b e n z y l a t i o n .
C 1C -C H - (C H p ) 2 -C H -C -C 1  +  ~  I
s  s  o  o  i
I 1 II 11
C00CH2CeHs COOCH2C6H5 fC-CH-(CH2 ) 2 -CH-C-NH-(CH2 )6-NH^,
( j 6)  SH SH
x
(2£ )
HO-CH2 -CH-(CH2 )p-OH +  0 C N -( CH2 ) G-N C0 
CH2
S-C H 2 -C 6Hg 0  0




SH  ( % )
P o ly c o n d e n s . i t  Ion  o f  t h l o p h e n o l  and d e r i v a t i v e s  o f  t h i o g l y -  
c o l l c  a c i d  a n i l i d e  w i t h  fo rm a ld e h y d e  y i e l d e d  r e s i n s  w i th  f r e e  
t h l o p h e n o l  f u n c t i o n s .  The o x i d a t i o n  p o t e n t i a l s  o f  t h e  p o ly m ers  
w ere  o b t a i n e d  I n d i r e c t l y  by Hamamura, e t  a l . ' ,:J by o b s e r v i n g  t h e  
a b i l i t y  o f  t h e  p o ly m ers  t o  d e c o l o r i z e  re d o x  d y e s  o f  known p o te n ­
t i a l s .
D.  C h e m i c a l  I n t r o d u c t i o n  o f  M e r c a p t a n  G r o u p s  i n t o  P r e f o r m e d  
P o l y m e r s
C a i r n s  and c o - w o r k e r s 50 i n t r o d u c e d  a f u n c t i o n a l  g ro u p  
i n t o  p o ly ( h e x a m e th y le n e  a d ip a m id e )  (N y lo n  6 6 ) by h y d r o x y m e t h y la t in g  
t h e  p o ly a m id e  b ack b o n e  w i th  fo rm a ld e h y d e  and ammonia. S u b s e q u e n t  
t r e a t m e n t  w i th  t h i o u r e a  and  h y d ro g e n  c h l o r i d e  gav e  a n  i s o t h i u r o -  
nium s a l t  from  w h ich  an  a l k a l i  s o l u b l e  p o l y t h i o l  c o u ld  be  o b t a i n e d .
0 0 0 0 
M ii HPHO 11 *r




"  "  H-X)
- ^ - ( c h ^ ) 6- n - c - ( c h 2 ) ^ - o ^  -■  ^
t  I X „




O kaw ara , e t  a l . 51  r e i n v e s t i g a t e d  t h i s  p r o c e d u r e  and found  t h a t  
t h i o u r e a  t r e a t m e n t  fo l lo w e d  by s a p o n i f i c a t i o n  y i e l d e d  a p o ly m e rc a p ta n  
c o n t a i n i n g  o n ly  0 . 6 l $  SH g r o u p s .
M e r c a p t a n - c o n ta in in g  po lym ers  d e r i v e d  from p o l y ( v i n y l  
a l c o h o l )  (j-lO) p r e p a r e d  i n  a s i m i l a r  m anner by t r e a t i n g  jiÔ  w i th  
h y d ro g en  brom ide  and t h i o u r e a  t o  g iv e  t h e  i s o t h i u r o n i u m  s a l t  which 
c o u ld  b e  h y d ro ly z e d  t o  an i n s o l u b l e  po lym er o f  v i n y l  m e r c a p ta n . 1 ,:t 
P o l y ( v i n y l  m e rc a p ta n )  was a l s o  made by s u l f o n a t l o n  o f  JjÔ  w ith  
PhS02 Cl t o  a c t i v a t e  th e  p o ly o l  b e f o r e  t h i o u r e a  t r e a tm e n t  o r  L h i o e s t e r i  
f i c a t i o n  w i t h  MeCOSK and h y d r o l y s i s  o f  th e  t h i o o s t e r . !j<t {Scheme V .) 
The e x t e n t  o f  i n c o r p o r a t i o n  o f  f r e e
Scheme V 0  
f t
CH3CSKr  ^ CgHt^SOgCl .. w ^
fC H 2 -C H }  ---------  — ------->  -E C H s-C H j  - ■■ ■- ->  f C H 2 -C H }
1 1 r x
OH OSO^CgHs S-C -C H 3
( j& ) x 0( i )  c s ( n h 2 ) 2
( i i )  10$ NaOH
( i )  HBr,CS(NHa ) e





m e rc a p ta n  g ro u p s  was a p p ro x im a te ly  k2$ .
T re a tm e n t  o f  p o ly { v in y l  a l c o h o l )  w i th  c h lo r o a c e t a ld e h y d e  
gave a  c y c l i c  a c e t a l  w i th  a r e p l a c e a b l e  c h l o r i d e  (£tL). R e a c t io n  
w i th  KSH o r  t h i o u r e a  fo l lo w e d  by s a p o n i f i c a t i o n  gave a p o l y t h i o l 551* 
(4 2 ^ .  T h i s  a p p ro ac h  c o u ld  le a d  to  h y d r o p h i l i c  po lym ers  w i th  r e a d i l y  
a c c e s s i b l e  m e rc a p ta n  g roups  i f  t h e  a c e t a l i z a t i o n  i s  l i m i t e d  to  rw 
10$ r e a c t i o n .  Po lym ers  o f  t h i s  ty p e  w ould  be u s e f u l  a s  enzyme 
s u p p o r t s .
■fC H ,r i- C11- C H-,- C Ihf
I I ^
C IC H -.jCHO
■ i i IOH OH 0  0
( (& )
CH^Cl
( i )  NH^CNH^
( i i )  NaOH o r  KSH, &)°
Polym ers  ( ^ " i j £ )  c o n t a i n i n g  v i c i n a l  m e rc a p ta n  g ro u p s  were 
a l s o  s y n th e s i z e d  from po ly  ( v i n y l  a l c o h o l ) . b 4 »b -’ The b ro m o a c e ta l  
was e l a b o r a t e d  w i t h  sodium a l l y l o x i d e ,  and t h e  a l l y l  e t h e r  formed 
was c o n v e r t e d  to  a  d i t h i o l  by a d d i t i o n  o f  b rom ine  fo l l o w e d  by 
s u b s t i t u t i o n  w i th  KSH„ The i n c o r p o r a t i o n  o f  f r e e  m e rc a p ta n  g roups  
was low ( ~  2 5 *  (Scheme V I . )  These  m a t e r i a l s  a r e  p o ly m e r ic  
a n a l o g s  o f  2 , ^ - d i t h i o l - l - p r o p a n o l  (BAL) and  would p ro b a b ly  be 
v e ry  e f f i c i e n t  h eav y  m e ta l  s c a v e n g e r s .
s t y r e n e  w i th  p o ta s s iu m  e t h y l  x a n t h a t e  f o l lo w e d  by h y d r o l y s i s  g i v i n g  
a  p o lym er a s s a y in g  a t  y0$ o f  t h e  t h e o r e t i c a l  s u l f u r  c o n t e n t .  The 
i n s o l u b l e  po lym er was s w o l le n  by a l k a l i n e  h y d r o l y s i s  and was e f f e c t i v e
C hem ical i n t r o d u c t i o n  o f  m e rc a p ta n  g roups  i n t o  p o l y s t y r e n e  
d e r i v a t i v e s  h a s  b e e n  e x t e n s i v e l y  exam ined . P o ly ( p - m e r c a p to s ty r e n e )  
was p r e p a r e d  by G re g o r ,  e t  a l . e  by t r e a t i n g  d i a z o t i z e d  p o ly -
Scheme VI
.C H ;
fC H -.-C H
I
0






H2 S 0 4 1,0 X i 3 U S “( i i )  CH2 =CH-CH2Br ,ECH.'--CH^
CH-.lir
( i )  BrCH;XHpCHO/H ®
( i )  NaOCH2CH=CH;,
( i i )  Br,V/CC1 4
( i i )  KSH/EtOH o r
( a )  CHgCSK, 
ii
( i i i ) KSH o r  
0
0
( b )  NH-NH-C-NHS * HC1 ||
( a )  CH3CSK,




c h 2 - c h = c h
( i )  B r2 / C C l 4
( i i )  CHa CSK
II
0




o r  KSH
^CH;





c h 2 - o - c h 2 - c h - c h 2
SH SH
-Ec h -,-ch vcj+}
I I >
o. 0









as  an  io n - e x c h a n g e  r e s i n .  P o l y ( p - m e r c a p t o s t y r e n e )  w i t h  55$> o f  t h e










t h e o r e t i c a l  s u l f u r  c o n t e n t  was made by r e d u c i n g  c r o s s - l i n k e d  c h l o r o -  
s u l f o n a t e d  p o l y s t y r e n e .  5e“ r:>s
S n /H C l
-tCH^-CH-} fCHp-GH3- / V  fCH^-CH}





A l t e r n a t i v e l y ,  ^ 6  was p r e p a r e d  by t r e a t i n g  p o l y s t y r e n e  w i th  
2 , ^ - d i n i t r o p h e n y l s u l £ e n y l  c h l o r i d e  fo l lo w e d  by a l c o h o l y s i s .  The 
e x t e n t  o f  i n c o r p o r a t i o n  o f  f r e e  m e rc a p ta n  g roups was low (<  ̂ 2 0$ ) . bG
NO 2
O n 0 2
SCI 1̂ ,  ( i )  KOH/Ca H5OH




P o l y ( j j - l i t h i o s t y r e n e ) , a h i g h l y  r e a c t i v e  po lym er p r e p a re d  
from  i o d i n a t e d  p o l y s t y r e n e  and l i t h i u m ,  y i e ld e d  a  c o p o ly m er  c o n t a i n ­
in g  62 mol $  £ - m e r c a p to s ty r e n e  when s u l f u r  was a d d e d . 50  S i m i l a r l y ,
t r e a t m e n t  o f  s t y r e n e - d i v i n y l b e n z e n e  co p o ly m ers  w i th  s u l f u r  and 
aluminum c h l o r i d e  y i e l d e d  s u l f u r - c o n t a i n i n g  po lym ers  i n  w hich 2 1 $  
o f  t h e  i n c o r p o r a t e d  s u l f u r  i s  p r e s e n t  i n  t h e  form o f  m e rc a p ta n  
g ro u p s .  60
P o l y ( v i n y l b e n z y l  m e rc a p ta n )  h a s  b e e n  d e s c r i b e d  by s e v e r a l  
a u t h o r s .  The s y n t h e s i s  a lw ays  f o l l o w s  th e  same p a t h :  c h l o r o -
m e t h y l a t i o n  o f  p o l y s t y r e n e  fo l lo w e d  by r e a c t i o n  w i th  t h i o u r e a  and 
h y d r o l y s i s  o f  t h e  i s o th i u r o n iu m  s a l t - .  1 >5 1 »S 3 j 61“ t33 The red o x  p r o ­
p e r t i e s  o f  a  po lym er o b ta in e d  from  c h lo r o m e th y la te d  s t y r e n e -  
d i v i n y l b e n z e n e  copo lym ers  have  b e e n  e v a l u a t e d . 3 Redox c a p a c i t i e s  
g iv e n  f o r  m e rc a p ty l  r e s i n s  w ere d e te rm in e d  to  be 2 . 2jO~5 . 2 7  
m i l l i e q u i v a l e n t s  o f  i o d i n e  re d u c e d  p e r  gram o f  ( d r y )  r e s i n  i n  
aqueous  p o ta s s iu m  i o d i d e .  The o x id i z e d  form  o f  th e  r e s i n  c o u ld  
be  e a s i l y  re d u c e d  w i th  10$  aqueous  sodium  b i s u l f i t e  f o r  a c o m p le te  
re d o x  c y c l e .
C h lo ro m e th y la te d  p o l y s t y r e n e  h a s  b een  u sed  t o  s y n t h e s i z e  
po lym ers  c o n t a i n i n g  v i c i n a l  m e rc a p ta n 66  d i t h i o c a r b a m a t e , 6 4 , 6 6  (Jj^) 
and x a n t h a t e  g ro u p s  6 6 j 66  (jW3). The p h o to c h e m ic a l  r e a c t i o n s  o f  
po ly m ers  ( j ^ j M i )  and t h e i r  model compounds have b een  e x t e n s i v e l y  
s t u d i e d  by O kaw ara, e t  a l . G4>6B P h o t o l y s i s  o f  po ly m ers  c o n t a i n i n g  
d i t h i o c a r b a m a t e  g ro u p s  (V£) i n  t h e  p r e s e n c e  o f  v i n y l  monomers su c h  
as  m e th y l  m e t h a c r y l a t e  (MMA) o r  s t y r e n e  g e n e r a t e d  g r a f t  p o ly ­
m e rs 6 6 ) 6 7  w hich  d id  n o t  c o n t a i n  s u l f u r  (Scheme V I I ) .  I n  c o n t r a s t ,  
p o lym ers  c o n t a i n i n g  x a n t h a t e  g ro u p s  (ii8 ) p ro d u ced  p o ly v i n y lb e n z y l
Scheme VXI
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t h i o l  r a d i c a l s  upon i r r a d i a t i o n 6 5 »66  and c r o s s l i n k e d  v i a  d i s u l ­
f i d e  l i n k a g e s .  The p o t e n t i a l  a p p l i c a t i o n s  o f  t h e s e  po lym ers  as  
p h o t o r e s i s t  r e s i n s  w ere  c o n s i d e r e d .
The I n t r o d u c t i o n  o f  N ,N - d ie th y l  d i t h i o c a r b a m a t e  and N -m ethy l 
d i t h i o c a r b a m a t e  g ro u p s  i n t o  p o l y ( v i n y l  c h l o r i d e )  h a s  b e e n  r e p o r t e d . 1 1 ) 
Therm al d e c o m p o s i t io n  o f  po lym ers  c o n t a i n i n g  N -m ethyl d i t h i o c a r b a m a t e  
g ro u p s  f a i l e d  t o  p ro d u c e  m e rc a p ta n  g r o u p s ,  b u t  form ed c y c l i c
s t r u c t u r e  on  th e  po lym er m a t r i x  (Scheme V I I I ) .  P y r o l y s i s  o f  polym er 
c o n t a i n i n g  N ,N - d i e t h y l d i t h i o c a r b a m a t e  ((5£) p ro d u ced  p o ly e n e s .  However 
t h e  po lym ers  r e a c t e d  w i t h  n u c l e o p h i l e s  su ch  a s  d im e th y la m in e  i n  
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f a i l e d  t o  p ro d u ce  a  p o ly m e r ic  t h i o l .  I t  was a l s o  r e p o r t e d  t h a t  
p o l y ( v i n y l  m e rc a p ta n )  was p r e p a r e d  from  PVC and  KSH, 69 b u t  t h i s  r e ­
a c t i o n  was accom panied  by e x t e n s i v e  d e h y d r o h a lo g e n a t io n .
Gluckman, ej: a l . 7°  r e a c t e d  t h i o g l y c o l i c  a c i d  w i th  copo lym ers  
c o n t a i n i n g  th e  g l y c i d y l  m e t h a c r y l a t e  r e s i d u e  t o  p ro d u c e  r e s i n s  con­
t a i n i n g  two p e n d a n t  m e rc a p ta n  g ro u p s  f o r  eac h  e p o x id e  g ro u p .
CH3  0 CH3
-Ech2 -ch 3 - +  2 h s c h 2 c o h  —* -Ech2 - c h }  0
« x i 31 ii
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Okawara, et al, have prepared a vicinal mercaptan-containing
p o ly m e r  from p o l y ( a c r y l o y l  c h l o r i d e ) 1-35 by s i m i l a r  p r o c e d u r e s  f o r  
p r e p a r a t i o n  o f  They a l s o  p r e p a r e d  a  w a t e r - s o l u b l e  d i t h i o c a r b a -
m a te -p o ly m e r  c o n t a i n i n g  n i t r o g e n  i n  t h e  b ack b o n e  c h a i n  from p o l y ­
e t h y l e n e  i m i n e ) f:s » i'-L and a  d i t h i o c a r b a m a t e  d e r i v a t i v e  from  
c s l l u l o s e - a c e t a t e  c h l o r o a c e t a t e . 06  T h e i r  p h o to c h e m ic a l  b e h a v i o r  
and  lo n -e x c h a n g e  c a p a c i t y  w ere  s i m i l a r  t o  t h a t  e x h i b i t e d  by t h e  
p o ly  ( v in y l b e n z y 1 ) d e r i v a t i v e s .  T h e s e  p o ly m e rs  w e re  a l s o  u se d  a s  
e f f i c i e n t  h eav y  m e t a l  s c a v e n g e r s .  I o n -e x c h a n g e  r e s i n s  d e r i v e d  
fro m  c h l o r o m e th y l  a c r y l a t e  and  t h i o g l y c o l i c  a c i d 7 2  and a  m e r c a p ta n -  
c o n t a i n i n g  p o ly m e r  from  c o p o ly m e r  o f  v i n y l  a c e t a t e  w i th  1 , 5 - 
d i c h l o r o - 2 - b u t e n e 73  h a v e  a l s o  b e e n  r e p o r t e d .
E. I n t r o d u c t i o n  o f  M ercap to  G roups i n t o  P r o t e i n s
S e v e r a l  s u c c e s s f u l  a t t e m p t s  h av e  b e e n  made a t  i n t r o d u c i n g  
m e rc a p to  g ro u p s  i n t o  p r o t e i n s  w i t h o u t  d e g r a d i n g  t h e  p o l y p e p t i d e  
c h a i n .  N -a c e ty  1 -h o m o c y s te in e  t h i o l a c e t o n e  i n th e  p r e s e n c e  o f
s i l v e r  io n  r e a c t e d  r e a d i l y  w i t h  t h e  p r im a r y  amino g ro u p  o f  l y s i n e  
r e s i d u e s  t o  p ro d u c e  t h i o l a t e d  p r o t e i n s  -7 4
/  \
C H g C = 0 0
ii







An a l t e r n a t e  m ethod u sed  t h i o g l y c o l i d e s , to  p r e p a r e  h i g h l y  t h i o i a t e d  
c a s e i n  and o v aIb u m in .
0
0 0 "„ ,, HaNN HSCH2C-NHn




S t i l l  a n o t h e r  m ethod u sed  S - a c e t y l m e r c a p t o s u c c i n i c  a n h y d r i d e . ' 3
0 o 0 0
CH3 C-S-CH— CN +  H p N -P ro te in  —> CH3CS-CH -C-N H -Protein





The e x c e s s  t h i o l  f u n c t i o n s  a r e  u se fu L  f o r  b in d i n g  enzymes t o  p o ly -  
m e rc a p ta n  s u p p o r t s  u s in g  r e v e r s i b l e  d i s u l f i d e  l i n k a g e s .
R e c e n t l y , B a rk e r  and G ray 7 6  have  d e v i s e d  a new ty p e  o f  
a c ry la m id e  enzyme s u p p o r t  sy s te m  w hich  u t i l i z e s  m e rc a p ta n  g ro u p s  as  
t h e  a c t i v e  f u n c t i o n a l  s i t e s .  The c a r r i e r ,  E n z a c ry l  P o l y t h i o l  (^3 ,) ,
was d e r iv e d  from  a  copo lym er o f  a c r y l a m i d e ,  N - a c r y l o y l - S - b e n z y l c y s t e i n e  
and N.N ' - m e t h v l e n e - b i s - a c r y l a m i d e . F r e e  m e rc a p ta n  g ro u p s  w ere  exposed  
f o l l o w i n g  rem ova l o f  t h e  b e n z y l  b lo c k in g  g ro u p s  w i th  sodium  i n  l i q u i d  
ammonia. Em zycryl P o l y t h i o l  c o u p le s  o x i d a t i v e l y  w i th  compounds 
s u c h  as  t h i o i a t e d  enzymes o r  p r o t e i n s  (^ 2 ) c o n t a i n i n g  f r e e  m e rc a p ta n  
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A n o v e l  f e a t u r e  o f  c o n j u g a t e s  b a s e d  on E n z a c x y l  P o l y t h i o l  
( j ^ )  i s  t h a t  th e  c o u p l in g  can be r e v e r s e d  by  t r e a t m e n t  w i t h  c y s t e i n e  
o r  m e r c a p to e th a n o l .  R e g e n e ra b le  enzyme c a r r i e r s  have  o b v io u s  corn- 
com m erc ia l  p o t e n t i a l .  A n o th e r  f e a t u r e  o f  i s  t h a t  i t  may 
a l s o  be a c t i v a t e d  f o r  enzyme c o u p l in g  w i th  d i c y c l o h e x y l c a r b o d i -  
im id e .  The. a c t i v a t e d  copo lym er,  EnzacryJ  P o l y t h i o l a c t o n e  (.r>k),
may be s t o r e d  I n d e f i n i t e l y  u n d e r  d ry  c o n d i t i o n s . 77  Enzyme c o u p l in g  
o c c u r s  v i a  n u c l e o p h i l i c  open ing  o f  t h e  t h i o l a c t o n e  r i n g ^  t h u s ,  th e  
c o n j u g a te  c o n t a i n s  f r e e  m e rc a p ta n  g ro u p s  w hich  may be  u se d  t o  f u r t h e r  
m od ify  t h e  bound enzyme.
F . O b j e c t i v e s
From th e  l i t e r a t u r e  r e v ie w e d ,  i t  a p p e a re d  t h a t  th e  p o t e n t i a l  
a p p l i c a t i o n s  o f  po lym ers  c o n t a i n i n g  f r e e  m e rc a p ta n  g ro u p s  a s  red o x  
r e s i n s ,  c r o s s l i n k i n g  a g e n t s ,  heavy  m e ta l  s c a v e n g e r s ,  r a d i a t i o n  p r o ­
p h y la c t ic s ,  enzyme m odels and p o ly m e r ic  c a t a l y s t s  w a r r a n te d  f u r t h e r  
i n v e s t i g a t i o n  o f  t h e i r  s y n t h e s i s  t e c h n i q u e s .  Our i n i t i a l  e f f o r t s  
w ere  d e v o te d  t o  t h e  s y n th e s i s  o f  new monomeric m e rc a p ta n  p r e c u r s o r s  
in  an  a t t e m p t  to  m in im ize  t h e  s y n t h e t i c  d i f f i c u l t i e s  and r e d u c e  t h e  
c o s t  o f  m e rc a p ta n  p o ly m ers .  S u b s e q u e n t  work was d i r e c t e d  tow ard  
th e  p r e p a r a t i o n  o f  po lym ers  w i th  good m e c h a n ic a l  p r o p e r t i e s  
by m o d i f i c a t i o n  o f  p o ly m er ic  s u b s t r a t e s .
RESULTS AND DISCUSSION
A. S y n t h e s i s  o f  Monomers and Model Compounds.
S - V i n y l - O - t - b u t y l t h i o c a r b o n a t e
The s y n t h e s i s  o f  p o l y ( v i n y l  m e rc a p ta n ) 7 0  v ia  S - v in y l - O - t , -  
b u t y l t h i o c a r b o n a t e  ( 16 ,) d e m o n s t r a te d  th e  u t i l i t y  o f  th e  ca rb o - t^ -  
b u to x y  b lo c k in g  g ro u p  i n  m e rc a p ta n  s y n t h e s i s  and  prom pted  u s  to  
i n v e s t i g a t e  th e  g e n e r a l  a p p l i c a b i l i t y  o f  t h i s  t e c h n iq u e  f o r  i n t r o -
(i
d u c in g  t . - a l k y l t h i o c a r b o n a t e  g ro u p s  ( - S - C - 0 - t : - a l k y l )  i n t o  monomer 
and  po lym er s u b s t r a t e s .
S - V i n y l - O - j t - b u t y l t h i o c a r b o n a t e , w hich  had  been  o b t a i n e d  
i n i t i a l l y  a s  a b y - p r o d u c t  o f  t h e  d e h y d r o h a lo g e n a t io n  o f  
c h l o r o e t h y l ) d i t h i o c a r b o n a t e  (ijij))  ev o lv e d  a s  t h e  b e s t  monomeric 
p r e c u r s o r  f o r  p r e p a r i n g  homopolymers and copo lym ers  o f  p o l y ( v i n y l  
m e r c a p ta n ) .  The monomer had  b een  p r e v i o u s l y  s y n t h e s i z e d  i n  5$  
y i e l d  by d ehydroha  l o g e n a t i o n  o f  S - ( j3 ~ c h lo r o e t h y l ) - 0 - t . - b u ty l t h io c a r -  
b o n a te  (l£y)’4 °  A d i r e c t  s y n t h e s i s  o f  monomer ( l 6 )  was d e v e lo p e d  
l a t e r  by O v e rb e rg e r  and  D a ly . 41  The s y n t h e s i s  r e q u i r e d  h e a t i n g  
e t h y l e n e  c a r b o n a te  w i th  an  e q u a l  m o la r  c o n c e n t r a t i o n  o f  
p o ta s s iu m  t h i o c y a n a t e  to  p roduce  p u re  e t h y l e n e  s u l f i d e . 7 9  T r e a t ­
in g  e t h y l e n e  s u l f i d e  w i th  a s l i g h t  e x c e s s  o f  condensed  phosgene  
i n  th e  p r e s e n c e  o f  p y r i d i n e  y i e l d e d  S - ( j g - c h l o r o e t h y l ) c h l o r o t h i o -  
fo rm a te  ( 2 8 ^ , 3 4  w hich was c o n c u r r e n t l y  e s t e r i f i e d  and d e h y d ro ­
g e n a te d  w i th  p o ta s s iu m  . t - b u to x id e  t o  y i e l d  5 1 $  o f  S -v in y l - O - t . -
31
b u t y l t h i o c a r b o n a t e  (16} (Scheme X ) . By c h a n g in g  th e  s o l v e n t  
from e t h e r  t o  THF, lo w e r in g  r e a c t i o n  t e m p e r a t u r e  from 2 5 °  t o  - ^ 0 ° ,  
and  i n c r e a s i n g  th e  c o n c e n t r a t i o n  o f  b a s e  (j>:l  o f  t-BuOK:2fl),*— iVs*
th e  y i e l d  o f  monomer was im proved to  6 0 $.
One o f  th e  prob lem s e n c o u n te r e d  i n  w o rk in g  w i th  S - v i n y l -  
0 - j : - b u t y l t h i o c a r b o n a t e  was a te n d e n c y  f o r  t h i s  monomer t o  y i e l d  
c r o s s l i n k e d  po lym er.  The c r o s s l i n k i n g  was a p p a r e n t l y  due to  th e  
p r e s e n c e  o f  3~ 5$  S , S ' - d i v i n y l d i t h i o c a r b o n a t e  ( l^ }  formed by th e  
r e a c t i o n  s e q u e n c e  shown i n  Scheme X.
Scheme X
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I t  was v e ry  d i f f i c u l t  to  p r e v e n t  m u l t i p l e  a d d i t i o n  o f  e t h y l e n e -  
s u l f i d e  to  p h o sg e n e ,  and t h e  te n d e n c y  o f  2 8  and  lk^ to  decom pose 
d u r in g  d i s t i l l a t i o n  made s e p a r a t i o n  o f  t h e  two p r o d u c ts  d i f f i c u l t .  
The p u r i t y  o f  1 ^  was e s t i m a t e d  by com paring  th e  r e l a t i v e  i n t e n s i t y  
o f  th e  v i n y l  p r o to n  r e g io n  ( 5 - k - 6 . 7 3 6 ) to  t h e  . t - b u t y l  g ro u p  ( 1 . 5 1 6 ) 
The m a jo r  i m p u r i t y ,  d i - t . - b u t y l c a r b o n a t e  » p ro d u ced  by th e
e x c e s s  o f  b a s e ,  a p p e a re d  i n  th e  nmr s p e c t r a  a s  a s i n g l e t  a t  l J i 2 fi. 
The s t r u c t u r e  o f  was co n f irm ed  by an  in d e p e n d e n t  s y n t h e s i s ; BO
i s  s t a b l e  a t  i t ' s  b o i l i n g  p o i n t ,  v e ry  e a s i l y  su b l im e d  and  i s  n o t  
e a s i l y  s a p o n i f i e d .  Thus i t  i s  v e ry  d i f f i c u l t  to  q u a n t i t a t i v e l y  
remove ^  from th e  monomer by f r a c t i o n a l  d i s t i l l a t i o n .
monomer u s in g  c a r b o - t - a l k y l o x y  b lo c k in g  g ro u p s  [R-(CH3 ) 2 C-0 - C - ] 
t o  p r o t e c t  t h e  t h i o l  g ro u p .  I n c r e a s i n g  th e  s t e r i c  b u lk  o f  th e  
t^ -a lk y l  s u b s t i t u e n t  s h o u ld  d e c r e a s e  th e  te m p e r a tu r e  r e q u i r e d  f o r  
t h e r m o ly s i s  o f  t h e  b lo c k in g  g ro u p .
S - { f i -C h l o r o e t h y l ) c h l o r o t h i o f o r m a t e  (28^) was c o n c u r r e n t l y  
e s t e r i f i e d  and  d e h y d ro h a lo g e n a te d  upon a d d i t i o n  to  a s o l u t i o n  o f  e x c e s s  
sod ium  2 - m e t h y l - 2 - b u t o x i d e .  P u r i f i c a t i o n  o f  th e  p ro d u c t  m ix tu r e  
by  f r a c t i o n a l  d i s t i l l a t i o n  th ro u g h  a s p in n in g  band column a f f o r d e d  
th e  f o l lo w in g  com ponents : S - v in y l - O - t i - a m y l t h io c a r b o n a te  ,
S - ( j3 - c h lo r o e th y l ) - 0 - _ t - a m y l t h io c a r b o n a te  d i - t . - a m y lc a r b o n a te
S ,S  , - ( / 3 - c h l o r o e t h y l ) d i t h i o c a r b o n a t e  a n d S , S / - d i v i n y l -
d i t h i o c a r b o n a t e  (1 ^ )  • The c o m p o s i t io n  and y i e l d  o f
S - v in y  L-0-t.-amy 1 th  i  oca rbona  t e
A f t e r  im p ro v in g  th e  s y n t h e s i s  o f  S - v i n y l - O - t f b u t y l t h i o -  




+  ClCH2 CH£S-C-0-t-Am 
0
t h e  p ro d u c t  m ix tu r e  was d e p e n d e n t  on th e  r e a c t i o n  c o n d i t i o n s ;  th e  
fo rm a t io n  o f  ^  was f a v o re d  by u s in g  THF a s  a s o l v e n t  a t  low er 
r e a c t i o n  t e m p e r a tu r e s  a s  i l l u s t r a t e d  i n  T a b le  1. The r e a c t i o n  
u s u a l l y  r e q u i r e d  e x c e s s  b a s e  ( j ^ ) -  S in c e  a  t e r t i a r y  a l k o x i d c  can 
a c t  as  b o th  a s t r o n g  b a se  and  a n u c l e o p h i l e ,  th e  f o r m a t io n  o f  th e  
c h i e f  b y - p r o d u c t ,  d i - t ^ - a m y lc a rb o n a te  was a n t i c i p a t e d .  A
n u c l e o p h i l i c  a t t a c k  a t  th e  c a r b o n y l  g ro u p  c o u ld  be  en h an ced  by 
t h e  f o r m a t io n  o f  a  c y c l i c  s u l f o n iu m  io n 81  w h ich  can  be d i s p l a c e d  
i t h y l e n e  s u l f i d e . 3 5 j4 °  High c o n c e n t r a t i o n  o f  b a s ea s  et
F o rm a t io n  o f 0
Cl©
s u l f o n iu m  io n
t-A m -O -C -S ^  JfJJ2
^  \ j I 1£
0 H Cl
i i  i  i
t-Am-O-C-S-C-C-H
i t
/ \ H H
O-t-Am
a t t a c k  a t  ^C=Q
c r
Na O-t-Am
a t t a c k  a t  
"C=0






5 8  +  CH2 -CH2  
^  \  /
S
c o u p le d  w i th  lo n g  r e a c t i o n  t im e s  a t  h i g h e r  t e m p e r a tu r e  f a v o re d  
th e  fo r m a t io n  o f  ^  (T a b le  1, e x p e r im e n t  l ) ;  how ever,  r e d u c in g  
th e  r e a c t i o n  t e m p e r a t u r e  to  -j50°  f a v o re d  t h e  f o r m a t io n  o f  th e  
d e s i r e d  monomer. Lower monomer y i e l d s  th a n  th o s e  o b t a in e d
35
TABLE 1
P r e p a r a t i o n  o f  S - V i n y l - O - t - a m y l th io c a r b o n a te  ( 5 6 )
R e a c t io n  c o n d i t i o n s Y ie id  o f  p ro d u c ts , '^
Exp. J
Mol r a t i o ,  
59  t o  28tN/w rsrsj S o lv e n t s
P o t  
t e m p . , 
°C
I
S t i r r i n g  





1 2 Benzene 15 h 1 6 .3 2 0 . Ji 3 -5
2 5 Benzene 15 k I3.i4 0 2 J1.9
3 3 Benzene 15 h8 0 0 1(6
1 2 .5 T o luene - 2 0 5 1 8 . 3 2 8 . 5 2 . 1
5 5 .2 THF - 3 0 k 31 0 2 5 .3
6 ! b X ylene - 2 0 5 e . k 1*8 0 . 5
7 l c
T o luene  
and THF -30 k 7 . 6 7 -9 0
8 1 . 2d X ylene and THF - 1 0 3 1 3 . 3 21 0 .0 3
9 1 . 3 2 e
T o lu en e  
and THF 0 k 7 2 6 1 .7
10 2 f X ylene - 5 k 114-h 2 0 . 8 3 . 2
E x p e r im e n ts  1 t o  6 , by a d d in g  28  i n t o  t h e  b a s i c  s o l u t i o n  o f  
E x p e r im e n ts  7 t o  1 0 ,  by adding*"^? i n t o  2 8 .
^22. ^ as  ma^e by t r e a t i n g  jt-ainyl a l c o h o l  w i th  NaH.
° P r o d u c t s  a l s o  c o n t a i n e d  9 . 2 $  o f  28 + 15 +  ll+.rs/Sj i w
P r o d u c t s  c o n t a in e d  U% o f  28 +  15 +  1^»rw
e 3 ^  o f  ( J ) .
w i th  p o ta s s iu m  _ t-b u to x id c  u n d e r  i d e n t i c a l  c o n d i t i o n s  r e f l e c t  th e  
red u ce d  b a s i c i t y  o f  sod ium  j t -a m y lo x id e .  T h e r e f o r e ,  S - ( j8- c h l o r o -  
e t h y l ) - 0 - t : - a in y l th io c a rb o n a te  ( ^ )  was s y n t h e s i z e d  by a n  a l t e r n a t e  
p ro c e d u re  ( v id a  i n f r a ) and  s t r o n g e r  b a s e s  w ere  em ployed f o r  th e  
d e h y d r o h a lo g e n a t io n  s t e p .
D e h y d ro h a lo g e n a t io n  o f  w i th  b u lk y  b a s e  such  a s  t,- 
b u to x i d e 4'0  i s  e x p e c te d  t o  y i e l d  th e  c o r r e s p o n d in g  monomer ( j ^ ) ,  
b u t  t-BuO o r  t-Am-0 "*Na u s u a l l y  p ro d u ced  b y - p r o d u c t  (%8) , so  
we w ere  i n t e r e s t e d  i n  e x p l o r i n g  some o t h e r  b a s e s .  A t te m p te d  p r e ­
p a r a t i o n  o f  monomer ( ^ 6  ̂ t h ro u g h  d e h y d r o c h l o r i n a t i o n  o f  by 1 , 5 “
d i a z o b i c y c l o ( 3 - 4 . 0 )  n o n en e-5  (^O^0 2  p ro v ed  u n s u c c e s s f u l .  The 
y i e l d s  from  d e h y d r o c h l o r i n a t i o n  o f  i5£ j W ith  l i t h i u m  d i c y c l o -
<&>
h e x y la m id e  a n d / o r  l i t h i u m  d i i s o p r o p y l a m i d e  i n  1 , 2 -d im e th o x y e th a n e  
w ere  d i s c o u r a g i n g l y  low.
S p e c t ro s c o p y  a n a l y s i s  o f  a m i x tu r e  o f  ^ 6̂  ^  and Can  be 
a c h ie v e d  by nmr. The c h e m ic a l  s h i f t s  f o r  t h e  two t e r t i a r y  m e th y l  
g ro u p s  o f  £6 , and  w e re  d e t e c t a b l e  a s  s i n g l e t s  a t  &l.lj-8 , 
lJ l-5 ,  and  l . k 2  r e s p e c t i v e l y .  The monomer u s u a l l y  c o n t a i n e d  a b o u t  
2 - 5 $  o f  d i - t , - a m y lc a r b o n a te  a s  im p u r i ty  ev en  a f t e r  c a r e f u l  d i s t i l l a ­
t i o n  th ro u g h  a h ig h  e f f i c i e n c y  s p in n in g  band  column.
S y n t h e s i s  o f  T h e rm a l ly  L a b i l e  B e n d e r 's  S a l t s  
As d e s c r i b e d  e a r l i e r ,  th e  s y n t h e s i s  o f  l £  in v o lv e d  a 
c o n d e n s a t io n  o f  e t h y l e n e  s u l f i d e  w i th  phosgene  to  p ro d u ce  S-(jS- 
c h l o r o e t h y l ) c h l o r o t h i o f o r m a t e  (28,)>3 4  w hich h a s  l i m i t e d  a p p l i c a ­
b i l i t y  as  a m c rc a p ta n  p r e c u r s o r .  The c o n d e n s a t io n  
i s  d i f f i c u l t  t o  c o n t r o l  and  th e  p ro d u c t  t e n d s  to  be c o n ta m in a te d  
w i th  S , S 1 - b i s ( / 3 - c h l o r o e t h y l ) d i t h i o c a r b o n a t e  ( l j ^  w hich  le a d s  to  
u n d e s i r a b l e  b y - p r o d u c t s  i n  th e  monomer s y n t h e s i s . 35  F u r th e rm o re ,  
th e  i n h e r e n t  e x p e r i m e n t a l  p rob lem s e n c o u n te r e d  i n  w o rk in g  w i th  
l a r g e  q u a n t i t i e s  o f  phosgene  a s  w e l l  a s  h a n d l in g  t h e  t o x i c  
S - ( ^ - c h l o r o e t h y l ) c h l o r o t h i o f o r m a t e  l i m i t s  t h e  a p p l i c a t i o n  o f  t h i s  
t e c h n iq u e  i n  l a r g e  s c a l e  monomer s y n t h e s i s .  A new s y n t h e t i c  
ap p ro ach  w hich  in v o lv e d  n u c l e o p h i l i c  d i s p la c e m e n t  o f  a l k y l  h a l i d e s  by 
th e rm a l ly  l a b i l e  B e n d e r 's  s a l t s , 83  i . e .  p o ta s s  iu m - 0 - _ t - a lk y l th io c a r b o -  
n a t e s ,  was soon  d e v e lo p e d  t o  m in im ize  t h e s e  p rob lem s  and  to  e x te n d  th e  
p r e p a r a t i v e  s c o p e  o f  t h e  c a r b o - t . - a l k y lo x y  b lo c k in g  g ro u p .
B e n d e r 's  s a l t s  a r e  s t a b l e  c r y s t a l l i n e  r e a g e n t s  w h ich  can 
be  p re p a re d  by t r e a t i n g  a n  a l k a l i  m e ta l  a l c o h o l a t e  w i th  c a rb o n y l  
s u l f i d e  i n  an  an h y d ro u s  s o l v e n t  m i x tu r e  o f  a l c o h o l  and d im e th y l -  
formamide (DMF). I n  c o n t r a s t  to  p o ta s s iu m  x a n t h a t e s ,  t h e  s a l t s  a r e  
i n s o l u b l e  i n  m o s t  o r g a n ic  s o l v e n t s  such  a s :  b e n z e n e ,  c h lo ro fo rm ,
_ t-b u ta n o l ,  t e t r a h y d r o f u r a n  (THF), DMF, and  d i m e t h y l s u l f o x i d e  (DMSO) 
so  i t  i s  n o t  p o s s i b l e  to  m a i n t a i n  a homogeneous sy s te m  d u r in g  th e  
p r e p a r a t i o n .  F o r  exam ple , p o t a s s iu m - O - . t - b u ty l th io c a r b o n a te  (61} 
p r e c i p i t a t e s  im m e d ia te ly  upon i n t r o d u c t i o n  o f  c a rb o n y l  s u l f i d e  t o  a
s o l u t i o n  o f  p o ta s s iu m  . t - b u to x id e  i n  . t - b u t a n o l  and o c c lu d e s  u n -  
r o a c t e d  n l c o h o l a t c .  A d d i t i o n  o f  DMF to  th e  r e a c t i o n  m i x tu r e  
i n c r e a s e s  th e  y i e l d  o f  t h e  B e n d e r 's  s a l t  b u t  th e  m ix tu r e  rem ains  
h e t e r o g e n e o u s .  The s a l t s  can  be p u r i f i e d  by d i s s o l u t i o n  i n  w a te r  
and p r e c i p i t a t i o n  by a d d in g  th e  aqueous  s o l u t i o n  to  e t h a n o l  b u t  
t h e  p u r i f i c a t i o n  m ust be c o m p le te d  r a p i d l y  s i n c e  B e n d e r 's  s a l t s  
un d erg o  s low  h y d r o l y s i s  i n  w a t e r . 8 3  D i s s o l u t i o n  o f  6 l  ̂ i n  e t h y l e n e  
g l y c o l ,  2 -m e th o x y e th a n o l  o r  t r i e t h y l e n e g l y c o l  d im e th y l  e t h e r  d id  
n o t  a p p e a r  to  p rom ote  d e c o m p o s i t i o n .
T h ree  t h e r m a l l y  l a b i l e  B e n d e r 's  s a l t s ,  p o ta s s iu m - 0 - _ t - b u ty l -  
t h i o c a r b o n a t e  ( 6 l ^ ,  p o t a s s iu m - 0 -_ t-(2 - m e t h y l - 2 - b u t y l ) t h i o c a r b o n a t e  
( 62^ ,  and p o t a s s i u m - 0 - ( 2 - p h e n y l - 2 - p r o p y l ) t h i o c a r b o n a t e  ( 6^ )  > were 
s y n t h e s i z e d .
 L ROH 11 - +
R-0 K +  COS > R-O-C-S KDMF
______ R  Decomp. te m p . ,° C  Wt. l o s s , '
t - B u t y l  ( 6 l )  255 ^ . 0
t.-Amy 1 (6 2 ) 225  5*1 .8
t.-Cumyl ( 6^ )  195 55-8
The e x a c t  n a t u r e  o f  th e  th e rm a l  d e c o m p o s i t io n  was n o t  d e te rm in e d ,  
b u t  th e  p r e s e n c e  o f  more b u lk y  . t - a l k y l  s u b s t i t u e n t s  (am yl,  cum yl) 
a c c e l e r a t e  t h e  d e c o m p o s i t io n  and  r e d u c e  th e  t e m p e r a tu r e  r e q u i r e d  
to  remove th e  b lo c k in g  g ro u p .
The i n f r a r e d  s p e c t r a  o f  p o ta s s iu m  0 - t - a l k y l t h i o c a r b o n a t e s  
a r e  n e a r l y  i d e n t i c a l  w i th  t h e  e x c e p t i o n  o f  s t r o n g  r i n g  v i b r a t i o n a l
modes f o r  _t-cumyl d e r i v a t i v e s  (6^ )*  The c a r b o n y l  a b s o r p t i o n s  a t  
ly jO  cm J' o f  t h e  B e n d e r 's  s a l t s  a r e  much low er th a n  th o s e  e x h i b i t e d  
by S - a l k y l - O - a I k y l t h i o c a r b o n a t e s  o r  d i a l k y l c a r b o n a t e s  (rfOO-Tj^iO 
cm 1 ) ,  b u t  th e  v a l u e s  a r e  c o n s i s t e n t  w i th  th e  r e p o r t e d  v a lu e s  o f  
m e ta l  s a l t s  o f  t h i o l  c a r b o x y l i c  a c i d 64' and o x y x a n t h a t e s . The 
C-S s t r e t c h i n g  modes f o r  B e n d e r 's  s a l t s  (695 cm 1 ) o b s e rv e d  w ere  
h i g h e r  th a n  th e  m o n o th io c a rb o n a te  compounds i n  w h ich  C-S s t r e t c h i n g  
a p p e a re d  a t  679 cm 1 (T a b le  2 ) .  A l i t e r a t u r e  s u r v e y  showed t h a t  
i n f r a r e d  s p e c t r a  o f  c e r t a i n  ty p e s  o f  s u l f u r  compounds hav e  b een  
u n u s u a l l y  v a r i a b l e  and d i f f i c u l t  to  c h a r a c t e r i z e ,  i . e .  v a lu e s  f o r  
c a r b o n - s u l f u r  bond s t r e t c h i n g  r a n g e  from  6 5 O to  9 5 0  cm 1 . 8 ‘i , 8 5 , a 6  
S in c e  l a s e r  Raman s p e c t r o s c o p y  i s  a  com plem en ta ry  a n a l y t i c a l  t o o l  
t o  i n f r a r e d  f o r  s t r u c t u r a l  e l u c i d a t i o n  and s u l f u r  c o n t a i n i n g  com­
pounds g e n e r a l l y  e x h i b i t  s t r o n g e r  c h a r a c t e r i s t i c  bonds i n  th e  
Raman s p e c t r a ,  we hav e  made a  s tu d y  o f  s e v e r a l  t h i o c a r b o n a t e s , 
c a r b o n a t e s ,  and x a n t h a t e s  i n  an  a t t e m p t  t o  c l a r i f y  t h e  d i s c r e p a n c i e s  
r e p o r t e d  i n  t h e  l i t e r a t u r e .  The i n f r a r e d  and  l a s e r  Raman c h a r a c ­
t e r i s t i c  g roup  f r e q u e n c i e s  f o r  t h e s e  compounds a r e  co m p iled  i n  
T a b le s  2 and 3 r e s p e c t i v e l y .
The c a rb o n y l  s t r e t c h i n g  f r e q u e n c i e s  f o r  m ost o f  t h i o ­
c a r b o n a te s  w ere  lo w er  th a n  d i a l k y l c a r b o n a t e s .  B ak e r  and H a r r i s 07 
h av e  r e p o r t e d  t h a t  a  s u l f u r  a d j a c e n t  t o  a c a r b o n y l  g roup  u s u a l l y  
d e c r e a s e s  th e  b a s i c i t y  o f  th e  c a r b o n y l  g ro u p  d e s p i t e  t h e  f a c t  
t h a t  oxygen has  a h i g h e r  e l e c t r o n e g a t i v i t y  th a n  s u l f u r .  T a b le  ^ 
shows t h a t  th e  c a r b o n y l  g ro u p  f r e q u e n c i e s  d e c r e a s e  a s  th e  number
TABLE a
C h a ra c te r is t ic  In f ra re d  A bsorptions fo r  S -A lk y l-0 -£ -a lk y lth lo c n rb o n a te , D l-£ -a lk y Ica rb o n a te , 
and F o tassium -0-£ ,-a lky lcarbonate  Compounds.*’ **
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67% l600s(C -C ), lC J.nfC -C ), 
9c2=TC"C), 896o(c-C ). 
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7&-s.(C»C rin g  ou t o f plane 



































675^ £=70w(S-H). lACw, 
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6?Sfci K-i'z, 1 0 .0J, ?73o, 
?£5w. 76Cw. ’ 4 Cw.
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1365 s ,  
139:m
125Cte 1205s. 11 lo­
r n  Obs.
055m. 
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ITlcwfOCH ou t o f  plane 
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125 Cta 12053 lllO-
l ll t jb s
857m
837s
671*w l5.Cw(C“C S t . ) ,  I5l0w and 
i;3C «(phenvl r in g ) ,  1-05 
("CKs d e f . ) ,  i:-C w (0 ),
tran s  CH wag7), 913bn 
(»CHa w ag .), BO2S(077 
7 - j u ,  717b~ tring  d e f . ) .
A l l  samples run n e a t excep t potassium  0 -£ -a lk y lca rb o n a tea  In  KBr d isk .  A ll  ab so rp tio n s  measured In  uavenusber, vc a *x. The fo llow ing  ab b rev ia tio n s  
w i l l  be used In  d e sc r ip tio n s  o f  In f ra re d  In  t h i s  d i s s e r t a t io n :  vs. - very s tro n g ; 4  ■ s tro n g ; m ■ oedium; jj “  broad; w ■ weak; a t .  * s t re tc h in g ;
b . ■ bending; r .k .  “  rock ing ; d e f . ■ deform ation ; asym. ■ asym m etric; sym. ■ s y m e tr ic ;  v a l .  ■ va len ce ; wag. ■ w aggling.
IA3LS 5
L aser Raman C h a ra c te r is t ic  S c a tte r in g s  fo r  5 -A lk y l-0 -£ -a lk y lth io e a rb o n a te , D1 *-£-a Iky lea  rbona t e , 
and Potassium  0 -£ -B u ty lth io ea rb o n a te  Compounds*’ *̂
Compound S tru c tu re C-H
S t,
> * 0 CH3  b< 
(asym, 
d e f .)
-CHz-S- £-A lky l-
0 -asym.
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a lky l
group
CH3 r .k .  
an d /o r 
C-C v a l.
c-c
Wag.
C-S P - °
o u t o f 
plane 
sk e l. 
d e ; .






0H S t . ) ;
25751(012 
s t . ) ;  
295B s ~  
2&T5»(£* 
Amyl s t . )




7351 705 53=2 15 95l(C-C), 1378s(C-C), 
13C lift-A m yl d e f . ) ,  
i c : : v ,  3 ? 5 i, 5001.





lOfe s t . ) r  
2925 s and 
2 3 7 5 s(t-  
Amyl S t . )




750 vs 700 525a 1295s(-CHE-C l) , l2W v, 
5r3"J > 675= and £*Jm 
(C -C l), ;C '.= , -S2v7




t - k a
2975'”
8o5,s
17302 1^5 Q* ............... 13OCW 1200u I I 651 1060m 928n 86Cm 7571 . . . ---- 1233“ , 1003M, 55CSJ, 













17251 lk 6Cm 126to 12152 11!+C++ lOi+Cm 9252. 851+1,
8372
750* 712 5352 159?ls(C -C ), 130£s (C*C) 
7-Cu, . £ 32, 1 2 ^ ,  3751, 
3251, 2 5 o « .




2954 s 1710“ 1460s 1412“ C 4? 13 1200“ 114 0“ 1050“ 923“ 845®, 
6 15s,
75Cs 6930 5152 712=(CHs r . k . ) ,  644= 
(C -C l)i 4S8W, 450“ , ”  







lh-631 127 Cm 1200“ 1050“ 9530 85?= 78 3® — ------ 5* 1-=
j ; ; v .
0




JOOOŝ  (sharp )




750s — 543ms 14 50m  (t'EhJ asym. d e f . ) ,  








14502. F. F. 1206a F. F. F. 648m, 
825 s
740s — 5 Pirns F.
0
0  0  HSCH2CH2S- C* 
0-t.-Bu
2 9 1 0 - 1695~  
2975s. .1725“





5 1 8 = s 2565=£ (S-H ), 46*“ , 

















305Cs(C- 1725“  
CH), 2975s 
(C-H s t . ) ,  
2 9 25s(a i3s t , ) ,  
2075s(t-B u
S t . ) .




T50p 3i 697s 52553. 1513s ( c*C r in g  v ib . ) ,
Il55u  and 1155“  ( t,-Bu 
sym. S t . ) ,  3?5=(ring  v ib ) , 
7 7 fe ( r in g  ou t of plane b , ) ,  
6£5=(rin g  v ib . ) ,  4c3=,





3C3Cm and 172T~ 
3 :6 Cm(C»Cl$ 17 00“
300Ctts and 
2975ms(C-H 
S t . ) ,  2925ms 
(CHa s t . ) .




745m 685“ 516“ ls32s(C “0 ring  v i b . ) ,
1650s. and 15:-:ms.  ( lo 5 0 s j ,
1312= ( r in g ) ,  £ -5“ (r in g  v ib . ) ,  
736=1 , 637“ ( r in g ! ,  552s,
45=“ , 33d“ . 29-Si, 215=.
aA ll  samples were recorded using  an Argon la s e r  (U88oJ.) e x c i ta t io n  source u n less  d e sig n a ted  o th e rw ise . A ll  the Ranan s c a t te r in g s  “ ere  measured in  wave 
number, iv  *1 ; a b b re v ia tio n s  in  la s e r  Ramin d e sc r ip t io n s  a re  the sane as those In  Table p lus F. ■ F lu o rescence, v ib . ■ v ib ra t io n , s k e l .  ■ s k e le ta l ,  
c E x c ita tio n  wavelength o f  5145.4.
o f  th e  a d j a c e n t  s u l f u r  a tom s i n c r e a s e .  Thus, t h e  c a r b o n y l  s t r e t c h i n g  
a b s o r p t i o n s  o f  c a r b o n a te s  a p p e a r  a t  h i g h e r  f r e q u e n c i e s  th a n  mono- 
t h i o c a r b o n a t e s ,  and th e  d i t h i o c a r b o n a t e s  a p p e a r  a t  low er f r e q u e n c i e s .  
The low c a r b o n y l  f r e q u e n c y  o f  B e n d e r 's  s a l t s  (1 5 ^ 0  cm x ) i s  co n ­
s i s t e n t  w i th  sym m etr ic  and a n t i s y m m e t r i c  s t r e t c h i n g  modes o f  a 
r e s o n a n c e  h y b r id  w hich in v o l v e s  ^ d - o r b i t a l s  on t h e  s u l f u r  a tom .
I n  t u r n ,  t h i s  h y b r i d i z a t i o n  w i l l  a l s o  e x p la in ,  t h e  h i g h e r ' s t r e t c h i n g  
mode (695 cm 1 ) o f  th e  B e n d e r 's  s a l t s  th a n  t h o s e  o f  most o f  th e  
S - a l k y l - O - j t - a l k y l t h i o c a r b o n a t e s .  The d e l o c a l i z a t i o n  o f  th e  
e l e c t r o n  p a r t i c i p a t i n g  i n  r e s o n a n c e  i n t e r a c t i o n  i n  t h e  g round  
s t a t e  th ro u g h  t a l s  o f  t h e  s u l f u r  atom s t r e n g t h e n s  t h e  C-S
bond .
T h e o r e t i c a l  c a l c u l a t i o n s  showed t h a t  t h e  c h a r a c t e r i s t i c  
f r e q u e n c y  o f  C-S l i n k a g e 8 8 ’ 8 9  s h o u ld  be Av 6 5 0  cm 1 w i th  a  f o r c e  
c o n s t a n t  2.1^1 x  10 5  d y n es /cm . Our a s s ig n m e n t  f o r  t h e  C-S 
s t r e t c h i n g s  o f  6 3 O-7 OO cm 1 i s  c o n s i s t e n t  w i t h  t h o s e  c a l c u l a t i o n s  
and  th e  d a t a  p r e v i o u s l y  r e p o r t e d . 8 5 ’ 8 9
TABLE It
Frequency  C o r r e l a t i o n s  o f  C a rb o n y l  Compounds
)C=0 O th e r
S t r e t c h  a b s o r p t i o n s
No. Compound (cm- 1 ) (cm- 1 ) R e fe re n c e
CH2 - 0 s
1 I c = o  l t J ^ l  8 6
C H p-o '
c h 2 - o n
2 I c=0 1757 86
CHe- s '
ch2- s
3 I c=o 1678 86
C H ^ -s '
0





5 R-S-C-O-R I 6 9O-3 O (C-S) t h i s  work
0
6  R -S-C -S-R  I 6 UO- 5 5  8 *+-
695
7 R-O-C-S " + K I 57O- 8 5  (C -S) t h i s  work
8  R-O-C-S K - - -  (C=S) t h i s  work
0
9  < ^ - 0  +  k  I 550  $1
0
10  -S  “ + K 1 5 2 3  8 if-
0  0
1727 and 1789 8 ^
0
0  0
16'50 a n d  1759 8>i
s
B e n d e r ' s  S a l t a  a s  M u c le o p l i i l e s
We h a v e  found  Chat B e n d e r ’ s s a l t s  e f f e c t  q u a n t i t a t i v e  
d i s p l a c e m e n t  o f  p r im a r y  and  s e c o n d a r y  h a l i d e s  t o  fo rm  O - a l k y l - S -  
a l k y 1 - t h i o c u r b o u u t e s . 3 0  A l th o u g h  s p e c t r o s c o p i c  s t u d i e s  i n d i c a t e  
t h a t  t h e  c h a r g e  on  t h e  a n i o n  i s  d e i o c a l i z e d ,  no e v i d e n c e  f o r  p r o d u c t s
0  0  
R - X  +  K+ _ S - C - O - R ' - PMF ■>  R - S - C - O - R '  +  KX
r e s u l t i n g  from  a t t a c k  by t h e  o x y g en  a tom  was o b s e r v e d .  S i n c e  c a r b o -  
J : - a l k y l  b l o c k i n g  g r o u p s  c a n  b e  rem oved by e i t h e r  t h e r m o l y s i s  o r  
a c i d  h y d r o l y s i s ,  s e l e c t i o n  o f  p o t a s s i u m - 0 - _ t - a l k y l t h i o c a r b o n a t e s  as  
n u c l e o p h i l e s  e n a b l e s  u s  t o  i n t r o d u c e  a m e r c a p t a n  p r e c u r s o r  on  a n  
o r g a n i c  s u b s t r a t e  and  g e n e r a t e  t h e  f r e e  m e r c a p ta n  g ro u p  i n  n e u t r a l  
o r  a c i d i c  m e d ia .  T h u s ,  t h e  r a p i d ,  b a s e  c a t a l y z e d  o x i d a t i o n  o f  m er-  
c a p t a n s 31 and  p o l y m e r c a p t a n s 3 6 } 4 2  w h ic h  i s  a  c o m p l i c a t i n g  s i d e  
r e a c t i o n  i n  t h e  s y n t h e s i s  o f  p o ly m e r c a p t a n s  v i a  v i n y l  t h i o a c e t a t e , l5_  
i s o t h i u r o n i u m  s a l t s , 43  and  S - v i n y L - N , N - d i a l k y l d i t h i o c a r b a m a t e s , 3 ° j e 6  
i s  n o t  a p ro b le m  i n  o u r  p r o c e d u r e .
The a p p l i c a t i o n s  o f  B e n d e r ' s  s a l t s  a s  n u c l e o p h i l e s  i n  t h e  
s y n t h e s i s  o f  0 - t - a l k y 1 - S - a l k y L t h i o c a r b o n a t e  compounds a r e  sum m arized  
i n  T a b le  5. E x p l o r a t o r y  e x p e r i m e n t s  w i t h  e t h y l  b ro m id e  and  b e n z y l  
c h l o r i d e  d e m o n s t r a t e d  t h a t  t h e  b e s t  s o l v e n t  f o r  n u c l e o p h i l i c  d i s ­
p la c e m e n t  was DMF c o n t a i n i n g  1 -2 $  w a t e r .  B e n d e r ' s  s a l t s  fo rm
92c o l o r e d  c o m p le x e s  w i t h  t r a n s i t i o n  m e t a l s  s o  t h e  r e a c t i o n  m i x t u r e s
>17
TABLE 5
A p p l i c a t i o n  o f  B e n d e r ' s  S a l t s  t o  t h e  P r e p a r a t i o n  o f
0
" ,
0 - t^ - A l k y l - S - a l k y l t h i o c a r b o n a t e s  , R-S-C-O-R
Com­







P r e p . by 
method a
C1CH2CH2- t-A m yl- 93 1 0 3 / 1 0 - B
6k ClCH2CH2- t-Cum y1- 8 7 -5 ( d e c . temp ijQ/10 ) ‘ C
& ClCHaCH2 - t - B u t y l 9b U 9/0-5 - B
& CH3 CHs- _t- B u ty l 80 39-iiO/l* - D
CeH5CH2- t - B u t y l 9 8 1 0 5 / 0 . 5 - A
a CHp=CH
A .wtlg
t - B u ty l 100 1 8 2 / 7 6 0
(DTA)
A
& -CH2CH2- _ t-B u ty l 9 0 . 8 - 8 7 (d e c .  
te m p .227)
A
a .  R e a c t io n  c o n d i t i o n s :  6  h r .  a t  - 50 and 2 h r .  a t  30°  i n  th e
f o l l o w i n g  m ed ia : A, DMF; B, THF +  J ^ -b u ta n o l ;  C, THF +  b e n z e n e ;
D , THF.
may be d a r k - c o l o r e d  d u r in g  th e  i n i t i a l  s t a g e s  o f  r e a c t i o n ,  b u t  th e  
c o l o r  d i s a p p e a r s  as  th e  r e a c t i o n  n e a r s  c o m p le t io n .  As Scheme XI 
i l l u s t r a t e s ,  s e l e c t i v e  d i s p la c e m e n t  o f  b rom ide  in  t h e  p r e s e n c e  o f  
c h l o r i d e  c a n  be  e f f e c t e d  i n  T H F:_t-butanol ( l i : l )  a t  - 1 0 ° .
Scheme XI
"  -  +R-O-C-S K + Br-CHeCH2Cl
(61^) , R = t - B u t y l -  
( 6 2 ) ,  R = t-A m yl- 
( 6^ )  , R = _t-Cumy 1-
0
THF-t-BuOH •'
ClCH2CH2 -S -C -0 -R
- 10°
S k i
6 2 $ K+ O tBu, THF 
-3 0 °
CH2=CH-S-C-0-R +  R -0 -C -0 -R
n  i t
0  0
Compounds 6 k ,  and 1 £  were s y n t h e s i z e d  by t r e a t i n g  e x c e s s  o f  1 .2 -
b ro m o c h lo ro e th a n e  w i th  t h e  c o r r e s p o n d in g  B e n d e r 's  s a l t s .  Nmr and 
e l e m e n ta l  a n a l y s i s  showed t h a t  th e  m o n o s u b s t i t u t i o n  o f  t h e  more r e ­
a c t i v e  b ro m id e  o c c u r r e d .  S u b seq u en t  d e h y d r o h a lo g e n a t io n  o f  t h e s e  
compounds would p roduce  t h e  n e c e s s a r y  monomers. Compound 6 k ,  S- 
( ^ - c h l o r o e t h y l ) - 0 - ( 2 - p h e n y l - 2 - p r o p y l ) t h i o c a r b o n a t e ,  i s  v e ry  u n s t a b l e .  
A tte m p te d  p u r i f i c a t i o n  o f  6 k by f r a c t i o n a l  d i s t i l l a t i o n  a t  If0 0 /1 0  mm 
Hg y i e ld e d  a - m e t h y l s t y r e n e ,  l - m e r c a p t o - 2 - c h l o r o - e t h a n e ,  c a rb o n  d io x id e  
and cumene. P resum ably , t h e  e x t r e m e ly  low d e c o m p o s i t io n  te m p e r a tu r e  
i s  due t o  t h e  fo rm a t io n  o f  a  r e s o n a n c e  s t a b i l i z e d  o l e f i n  v i a  a Chugaev 
r e a c t i o n . 93
S u b seq u en t  d e h y d r o h a lo g e n a t io n  o f  1J w i th  l i t h i u m  d i i s o p r o p y l  
am ide y i e l d e d  11$ o f  ho; ch a n g in g  th e  b a s e  to  p o ta s s iu m  J : -b u to x id e
im proved  th e  y i e l d  t o  62'/- S i m i l a r  r e s u l t s  w ere  o b t a in e d  on d e h y d ro ­
h a l o g e n a t i o n  o f  . No a t t e m p t  was made t o  d e h y d r o h a lo g e h a te  6k
ovvj rVV
s i n c e  th e  monomer would p ro b a b ly  decompose u n d e r  th e  c o n d i t i o n s  
n e c e s s a r y  to  e f f e c t  p o ly m e r i z a t io n .
I n i t i a l l y ,  wo had p la n n e d  to  o b t a i n  1£  by vacuum p y r o l y s i s  o f  
S , S ' - e t h y l e n e  b i s ( 0 - t - b u t y l t h i o c a r b o n a t e )  ( 6Jj) w hich was made by 
th e  r e a c t i o n  o f  1 m ole o f  1 , 2 - d i c h l o r o e t h a n e  w i th  2 m o les  o f  c o r r e s ­
pond ing  p o ta s s iu m  0 t . - b u t y l t h i o c a r b o n a t e  (jSl) (T a b le  5)* However, 
i n s t e a d  o f  g e n e r a t i n g  monomer ( l 6 ) j  p y r o l y s i s  o f  6^  a t  3 0 0 - 
3 2 5 ° /7 0 - 8 0  111111 y i e l d e d  S-( |S- m e r c a p t o e t h y l ) - Q - _ t - b u t y l t h i o c a r b o n a t e  ( 6 6 ^ .  
T h is  phenomenon d e m o n s t r a te d  t h a t  hyd rogen  a b s t r a c t i o n  from  th e
0 0 0 
2 (CH3 ) 3 C-O-C-S0 K0  +  ClCH2 CH2 C l - ^ * ~  {CH3 ) 3 C-0-C-S-CH2 CH2 -S-C-0-C(CH 3 ) 3
ch3
. t - a l k y l  s u b s t i t u e n t  i s  th e  only, d e c o m p o s i t io n  pathw ay f o r  c a rb o - t : -  
b u to x y  b lo c k in g  g ro u p s .  O kaw ara 's  s u c c e s s f u l  p r e p a r a t i o n  o f  S - v i n y l -  
N ,N - d ia lk y l  d i t h i o c a r b a m a t e  by  p y r o l y s i s  o f  t h e  c o r r e s p o n d in g  b i s - 
a d d u c t38  (Scheme XV) r e f l e c t s  t h e  d i f f e r e n c e  i n  s t a b i l i t y  be tw een  
C-N and C-0 bonds i n  t h e  b lo c k in g  g ro u p  as  w e l l  a s  t h e  e n e rg y  
g a in e d  by th e  f o rm a t io n  o f  c a rb o n  d io x i d e  i n  o u r  s y s te m .
An a l t e r n a t e  p r e p a r a t i o n  o f  16 in v o lv e d  n u c l e o p h i l i cr w
d is p la c e m e n t  o f  J’-b ro m o e th a n o l  w i th  61  ̂ t o  y i e l d  S - ( ^ - h y d r o x y e t h y l ) -  
O ^ t - b u t y l t h i o c a r b o n a t e  ( 6 8 ^ > m e s y l a t i o n  w i t h  m ethane  s u l f o n y l  
c h l o r i d e ,  f o l lo w e d  by e l i m i n a t i o n  w i th  t r i e t h y l  am ine i n  t h e  p r e ­
s e n c e  o f  p y r i d i n e ,  h o p e f u l l y  t o  y i e l d  t h e  c o r r e s p o n d in g  monomer I j j .  
However, t h i s  r e a c t i o n  s e q u e n c e  y i e l d e d  t - b u t a n o l ,  e t h y l e n e  m o n o th io -  
c a r b o n a t e ,  1 , 3 - d i t h i a n e , d i - _ t - b u t y l c a r b o n a t e ,  and a m i x tu r e  o f  u n id e n ­
t i f i e d  o i l s  i n s t e a d  o f  th e  d e s i r e d  monomer.
An a l t e r n a t i v e  a p p ro a c h  t o  a  monomer s y n t h e s i s  u t i l i z e s  a 
c o m m e rc ia l ly  a v a i l a b l e  m i x tu r e  o f  6 0 $  m et a  and p a r a - v i n y l - b e n z y l  
c h l o r i d e  as t h e  s u b s t r a t e .  T re a tm e n t  o f  t h e  m ix tu r e  w i th  61 in  DMF
p ro d u c e s  S - v i n y l b e n z y l - O - t ^ - b u t y l t h i o c a r b o n a t e  ( 6^ )  i n  q u a n t i t a t i v e  
y i e l d .  A model compound o f  S - b e n z y l - O - j t - b u t y l t h i o c a r b o n a t e  ,
was a l s o  s y n t h e s i z e d  i n  $8% y i e l d  as  shown i n  T a b le  5 .
U sing  t h e  B e n d e r 's  s a l t  a p p ro a c h ,  t h e  c o s t  f o r  t h e  s y n t h e s i s  
o f  S - v i n y l - O - t - b u t y l t h i o c a r b o n a t e  i s  r e d u c e d  from $ 5 0 5 / l b .  to  $ l 6 7 / l b .  
I n  a d d i t i o n  t o  t h e  tw o - th i r d  r e d u c t i o n  i n  c o s t ,  t h e  new p r o c e s s  e l i ­
m i n a t e s  t h e  d a n g e ro u s  phosgene  and e t h y l e n e  s u l f i d e  i n t e r m e d i a t e s  and
S -V in y lb e n z y 1 -O -X -b u ty 1t h i o c a r b o n a t e
CH;
<&>
opens  a  new a r e a  f o r  t h e  s y n t h e s i s  o f  S - a l k y l - O - a l k y I t h i o c a r b o n a t e s  
and t h e i r  m e rc a p ta n  d e r i v a t i v e s .  T h u s ,  th e  a p p l i c a t i o n  o f  B e n d e r 's  
s a l t s  t o  th e  s y n t h e s i s  o f  monomer p r e c u r s o r s  f o r  p o ly m e rc a p ta n s  i s  
t h e  m ost e f f i c i e n t  m ethod f o r  p r o d u c in g  low m o l e c u la r  w e ig h t ,  w e l l  
d e f in e d  homopolyniers and c o p o ly m ers .
B . H o m o p o l y m e r i z a t i o n  o f  v i n y l  M e r c a p t a n  P r e c u r s o r s
P o l y m e r i z a t i o n  o f  S - V i n y l - 0 - . t . - b u t y l t h i o c a r b o n a t e . S ~ V in y l -0 -_ t-  
b u t y l t h i o c a r b o n a t e  (1 6 )  p o ly m e r i z e s  r e a d i l y  i n  b u lk  o r  s o l u t i o n  in  
t h e  p r e s e n c e  o f  f r e e  r a d i c a l  i n i t i a t o r s .  S in c e  we u s e d  two d i f f e r e n t  
m e th o d s  (Scheme X and X I) t o  s y n t h e s i z e  1 6 ,  we c o n d u c te d  a  s e r i e s  o f  
d i l a t o m e t r i c  r a t e  d e t e r m i n a t i o n s  t o  co m p are  t h e  p u r i t y  o f  t h e  monomers 
o b t a i n e d .  I n i t i a l l y  we u s e d  t h e  monomer o b t a i n e d  fro m  S - ( j 3 - c h l o r o e t h y l ) -  
c h l o r o t h i o f o r m a t e  (2 8 )  t o  s t u d y  t h e  e f f e c t  o f  i n i t i a t o r  c o n c e n t r a t i o n  
u p o n  t h e  r a t e  o f  p o l y m e r i z a t i o n  (R p ) .  T he R^ was e v a l u a t e d  d i l a t o m e -  
t r i c a l l y  and r e s u l t s  a r e  g i v e n  i n  e x p e r i m e n t s  1 t o  1| i n  T a b l e  6 . A 
t y p i c a l  p l o t  o f  c o n t r a c t i o n  i n  t h e  d i l a t o m e t e r  d u r i n g  p o l y m e r i z a t i o n  
o f  S - v i n y l - O - t - b u t y l t h i o c a r b o n a t e  (1 6 )  i s  shown i n  F i g u r e  1 .  The 
u s u a l  k i n e t i c  r a t e  law  f o r  f r e e  r a d i c a l  p o l y m e r i z a t i o n  i s :
Rp = k p / k t ^
w h e re  k  , ,  k , and k a r e  t h e  r a t e  c o n s t a n t s  f o r  i n i t i a t o r  d i s s o c i a t i o n ,  d p t  5
c h a i n  p r o p a g a t i o n ,  and  c h a i n  t e r m i n a t i o n  r e s p e c t i v e l y ,  and /  i s  an  
e f f i c i e n c y  f a c t o r  r e l a t i n g  i n i t i a t o r  d e c o m p o s i t i o n  t o  c h a i n  i n i t i a t i o n .  
The u n iq u e  a s p e c t  o f  t h i s  d a t a  i s  t h e  d e v i a t i o n  o f  t h e  r a t e  o f  p o l y ­
m e r i z a t i o n  from  t h e  s q u a r e  r o o t  law  f o r  low  i n i t i a t o r  c o n c e n t r a t i o n  
( F i g u r e  2 ) .  A p l o t  o f  fĴ R̂  v e r s u s  &£I ]  ( F i g u r e  3) shows t h a t  t h e  r a t e  
o f  p o l y m e r i z a t i o n  i s  p r o p o r t i o n a l  t o  i n i t i a t o r  c o n c e n t r a t i o n  r a i s e d  
t o  a  pow er o f  0 .7 6 5 )  w h ic h  i s  s i m i l a r  t o  t h e  r a t e  law  r e p o r t e d  f o r  
v i n y l  t h i o a c e t a t e 10 (R^ «  [ i ] 0 *7 5 ) .  The e f f e c t  o f  monomer c o n c e n t r a ­
t i o n  on  Rp a l s o  d e v i a t e d  f ro m  t h e  no rm al ( F i g u r e  3 ) ;  a k i n e t i c  s tu d y
TABLE 6
gDilatometric Evaluation of S-Vinyl-Q-t.-butylthiocarbonate Polymerization
t x p e r i m e n t
TMlb , f l l x l O 2
R ' x  104 , 
P
R x  104 , 
P R p / C | ]
x  10s2
I7i]
H x l O " 4C n
m o l / 1 m o l / £ d e g r e e  o f  
c o n v . / s e c
m o l / X - s e c ( 3 0 ° ,  THF)
1 5 . 6 ? 8 . 2 9 5 3 . 5 0 1 8 . 6 6 2 . 2 5 0 . 2 4 2 . 8 5
2 5 . 6 7 4 .2 6 5 1 . 8 4 1 0 . 4 0 2 . 4 4 O.3 I 3 - 9 5
5 5 . 6 7 0 .8 2 5 0 . 5 9 3* 3 7 4 . 0 9 0 . 3 4 4 . 0 5
4 5 - 6 7 0 . 1*98 0 .3 4 1 - 9 3 3 . 8 9 O.3 6 4 . 4 8 ( 4 . 9 ) '
5 5 . 6 4 6 1 . 0 4 8 1 . 8 6 1 0 . 5 9 1 0 . 1 0 . 4 0 ------
S'r>w 5 . 8 3 7 0 . 6 8 4 1 . 3 4 7 . 8 9 1 1 .5 0 . 4 1 ------
7 5 A 06 O.6 0 8 0 . 9 5 5 .2 1 8 . 6 0 . 3 7
8 5 .8 8 8 0 . 2 4 8 0 . 3 9 2 .3 5 9 -5 O.3 5 5 . 4 0
9 5 . 1 2 1 0 . 1 8 0 0 . 4 4 2 .2 5 1 2 . 5 0 . 3 9 ------
3 P o l y m e r i z a t i o n  t e m p e r a t u r e ,  7 0 °  » i n i t i a t o r ,  a z o b i s i s o b u t y r o n i t r i l e .
F ro m  e x p e r i m e n t  1 t o  4 ,  t h e  monomer  w as  o b t a i n e d  f r o m  28^ f r o m  e x p e r i m e n t  5 ~9 > t h e  monomer was  
d e r i v e d  f r o m  6 1 .
E s t i m a t e d  f r o m  GPC c h r o m a t o g r a m  o f  0 . 1 2 5 $  s o l u t i o n  i n  THF e x c e p t  e x p e r i m e n t  8  e s t i m a t e d  f r o m  a 
0 . 1 2 5 $  s o l u t i o n  i n  DMF.
^ M e a s u r e d  i n  t o l u e n e  a t  3 0 °  w i t h  M e c r o l a b  Model  5 0 1  m em b ran e  o s m o m e t e r .
A
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F i g u r e  I :
T y p i c a l  p l o t  o f  c o n t r a c t i o n  i n  t h e  d i l a t o m e r  d u r i n g  p o l y m e r i z a t i o n  o f  
S - v i n y l - O - ^ t - b u t y l t h i o c a r b o n a t e ,  P o l y m e r i z a t i o n  c o n d i t i o n s  c i t e d  i n  
T a b l e  6 , Row 8 .
u s i n g  d i - t - b u t y l c a r b o n a t e  a s  a d i l u e n t  r e v e a l e d  t h a t  t h e  p o ly m e r  i l l a ­
t i o n  i s  l .Y  o r d e r  in  monomer c o n c e n t r a t i o n .
T h e  d e v i a t i o n  f r o m  n o r m a l  k i n e t i c  r e l a t i o n s h i p s  c o u l d  b e  
e x p l a i n e d  b y  a  c h a n g e  i n  t h e  e f f i c i e n c y  f a c t o r ,  / ,  i n  t h e  r e l a t i o n ­
s h i p  3 4  b e t w e e n  R , m o n o m e r  c o n c e n t r a t i o n ,  £m 3 ,  a n d  i n i t i a t o r
P
c o n c e n t r a t i o n ,  [ i ] .  M a t s u m o t o ,  ej :  £ l . iJ;i m a d e  a  s t u d y  o f  t h e  c h a i n -  
t r a n s f e r  p r o p e r t i e s  o f  v i n y l  a c e t a t e  p o l y m e r i z a t i o n  a n d  a t t r i b u t e d  
t h e  d e v i a t i o n  o f  t h e i r  s y s t e m  f r o m  a  n o r m a l  s q u a r e  r o o t  l a w  t o  t h e  
r e d u c t i o n  i n  i n i t i a t o r  e f f i c i e n c y  a t  l o w  c o n c e n t r a t i o n s  o f  b o t h  m o n o m e r  
a n d  i n i t i a t o r .  T h e  r e a s o n  f o r  t h e  r e d u c t i o n  i n  i n i t i a t o r  e f f i ­
c i e n c y  i s  n o t  c l e a r ,  b u t  i t  s e e m s  u n l i k e l y  t h a t  a l l  m o n o m e r s  w o u l d  
b e h a v e  i n  a n  i d e n t i c a l  f a s h i o n .  T h i s  a p p r o a c h  a l s o  f a i l s  t o  e x ­
p l a i n  t h e  u n u s u a l l y  h i g h  o r d e r  i n  m o n o m e r  c o n c e n t r a t i o n .  A m o r e  
p r e c i s e  d e r i v a t i o n  o f  t h e  k i n e t i c  r a t e  l a w  s e e m s  t o  l e a d  t o  a n  e x ­
p l a n a t i o n  f o r  o u r  r e s u l t s .  A s s u m i n g  t h a t  m o n o m e r s  w i t h  a h i g h  
c h a i n  t r a n s f e r  c o n s t a n t  a c t  a s  a  s o l v e n t  a t  l o w  c o n v e r s i o n s ,  o n e  
c a n  a p p l y  t o  t h e  p r o b l e m  t h e  k i n e t i c s  o f  c h a i n  t r a n s f e r  t o  s o L v e n t .  
L i n d e m a n n 3 6  d e r i v e d  t h e  f o l l o w i n g  r a t e  e q u a t i o n  f o r  p o l y m e r i z a t i o n  
o f  v i n y l  a c e t a t e  i n  t h e  p r e s e n c e  o f  c h a i n  t r a n s f e r  a g e n t s :
R ,  ,  ( V O ^i . £  r- 1 t
Rp -  [ M ] u t I S C s ] + (V c ) £
T h e  u s u a l  d e f i n i t i o n  o f  t e r m s  a p p l i e s  t o  t h i s  e x p r e s s i o n  e x c e p t  
t h a t  t h e  m o d e  o f  t e r m i n a t i o n  i s  c o n s i d e r e d  t o  b e  t h e  su m  o f  t w o  
p r o c e s s e s ,  t e r m i n a t i o n  by  c o m b i n a t i o n  ( k t ) a n d  t e r m i n a t i o n  b y  c h a i n
t r a n s f e r  ( ^ t r s ) t o  s o l v e n t  [ s ] .  T h i s  e q u a t i o n  p r e d i c t s  t h a t  t h e  
d e p e n d e n c e  o f  p o l y m e r i z a t i o n  o n  i n i t i a t o r  c o n c e n t r a t i o n  w i l l  b e  a 
p o w e r  b e t w e e n  0 . ^  a n d  1 . 0 .  T h e  v a l u e  o f  e x p o n e n t  d e p e n d s  o n  t h e
-L 1
r e l a t i v e  v a l u e s  o f  k„  [s ] a n d  ( R . k  ) ^ .  I f  ( R , k . ) ^  »  k „  [s], Rt r s  J ' i t  i t 7 t r s  p
l
w i l l  f o l l o w  t h e  n o r m a l  r a t e  l a w ;  b u t  i f  k [s] »  (R,k ) s , t h e  o r d e r
t r s  i t
i n  i n i t i a t o r  w i l l  i n c r e a s e .  S - V i n y l - O - t - b u t y l t h i o c a r b o n a t e  s h o w s  a  
" d e g r a d a t i v e "  c h a i n  t r a n s f e r  p r o p e r t y  s i m i l a r  t o  v i n y l  a c e t a t e ,  t h e  
o b s e r v e d  v a l u e  o f  R^ «  [ i ] ° * 7 6 s  f o r  t h e  r a t e  d e p e n d e n c e  o n  i n i t i a t o r  
c o n c e n t r a t i o n  i s  c o n s i s t e n t  w i t h  t h e  l a t t e r  r e l a t i o n s h i p .  F u r t h e r ,  
t h e  s o l v e n t  i n  o u r  e x p e r i m e n t s  i s  a c t u a l l y  m o n o m e r ,  s o  a  d e v i a t i o n
f r o m  f i r s t  o r d e r  monomer  d e p e n d e n c e  w o u l d  b e  e x p e c t e d  i f  [ S ]  > >
A
( R j k t ) £ . U n u s u a l  monomer o r d e r s  f o r  t h e  p o l y m e r i z a t i o n  o f  v i n y l
a c e t a t e  i n  e s t e r  s o l v e n t s  w e r e  r e p o r t e d  b y  M a t s u m o t o ,  e t  a l . 95
H o m o p o l y m e r i z a t i o n  o f  1 6 ^ d e r i v e d  f r o m  p o t a s s i u m  0 - t - b u t y l t h i o -
c a r b o n a t e  w as  a l s o  c a r r i e d  o u t  d i l a t o m e t r i c a l l y  i n  b u l k  u s i n g  l o w
c o n c e n t r a t i o n s  o f  AIBN a s  a n  i n i t i a t o r .  The  r e s u l t s  a r e  r e c o r d e d  i n
T a b l e  6  ( e x p .  5 ~ 9 )  a n <l p l o t t e d  i n  F i g u r e  2 .  The  R / [ I ]  r a t i o  f o r  t h i sP
m onom er  i s  a b o u t  s i x  t imes  f a s t e r  t h a n  t h e  monomer  p r e p a r e d  b y  c o n ­
c u r r e n t  e s t e r i f i c a t i o n - d e h y d r o h a l o g e n a t i o n .  T h i s  p h e n o m e n o n  i s  
a p p a r e n t l y  c a u s e d  b y  p e r s i s t e n t  i m p u r i t i e s  f r o m  t h e  S - ( j S - c h l o r o e t h y l J -  
c h l o r o t h i o f o r m a t e ,  w h i c h  c a n  n o t  b e  s e p a r a t e d  f r o m  16  by m u l t i p l e
d i s t i l l a t i o n .  H o w e v e r ,  t h e  d e p e n d e n c e  o f  R o n  t h e  i n i t i a t o r  c o n c e n -P
t r a t i o n  w as  n o t  c h a n g e d  b y  t h e  p r e s e n c e  o f  t h e  i m p u r i t i e s  ( F i g u r e  j ) .
T h e  i n t r i n s i c  v i s c o s i t y  o f  t h e  p o l y m e r  o b t a i n e d  f r o m  e a c h  
e x p e r i m e n t  w as  i n  t h e  r a n g e  o f  O . J  t o  0.^4 d l / g ,  r e g a r d l e s s  o f  t h e
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F ig u r e  2 :
E f f e c t  o f  i n i t i a t o r  c o n c e n t r a t i o n  upon th e  r a t e  o f  p o ly m e r i z a t i o n  (Rp ) o f  S - v in y l - 0 -  
t_ - b u t y l th i o c a r b o n a t e .  The i n t r i n s i c  v i s c o s i t y  o f  th e  po lym ers  i l l u s t r a t e s  th e  m o le c u la r  
w e ig h t  d ep en d en ce .  P o ly m e r iz a t io n  c o n d i t i o n s :  [M] = 5 - 6  m o l /1 ,  7 0 ° ;  *, R vs [ I ] ;  ■,
Rp vs. [ 1 ] ^  i a , [ IQ  vs [ I ]  u s in g  ru n s  l - k  i n  T a b le  6 ; C, Rp vs [ I ]  u s in g  ru n s  5 - 9  i n  
T ab le  6 .
( [ I ]  x 102 ) ,  m o l/1  





M [M], mol $
F ig u r e
P l o t  o f  M l v e r s u s  M l ]  and M l v e r s u s  M m]  f o r  th e  p o ly m e r iz a t io n  o f
p ----------- p------------
S - v i n y l - 0 - . t - b u t y l t h i o c a r b o n a t e  ( 1 6 ) .
monomer s o u r c e .  A number a v e ra g e  m o le c u la r  w e ig h t  (Mn) o f  ^ 9 ,0 0 0  
was d e te rm in e d  by  osmometry f o r  one o f  th e  po lym er s a m p le s .  T h is  
a p p e a r s  to  be th e  h i g h e s t  m o le c u la r  w e ig h t  a t t a i n a b l e  u n d e r  t h e s e  
c o n d i t i o n s ,  b u t  i t  c o r re s p o n d s  t o  a d e g re e  o f  p o ly m e r i z a t io n  o f  yOO, 
w hich  i s  a b o u t  15 t im e s  g r e a t e r  th a n  th e  DP a c h i e v e d  f o r  p o l y { v i n y l -  
t h i o a c e t a t e )  u n d e r  s i m i l a r  c o n d i t i o n s . 1 0  A lth o u g h  th e s e  r e s u l t s  
i n d i c a t e  t h a t  16 i s  l e s s  r e a c t i v e  th a n  v in y l  t h i o a c e t a t e  a s  a c h a in -  
t r a n s f e r  a g e n t ,  t h e  m o le c u la r  w e ig h t  o f  th e  c o p o ly m ers  d e s c r i b e d  
l a t e r  w ere  a l s o  r a t h e r  low ( h 0 , 0 0 0 - 5 0 ,0 0 0 ) .  The c h a i n - t r a n s f e r  
c o n s t a n t  to  monomer, C^, was e s t i m a t e d  from t h e  i n t e r c e p t  o f  a p l o t  
o f  1/DP vs_. ^  ( F ig u r e  k )  and found  to  be = 5 - 9 3  x 10 3  a t  7 0 ° .
T h is  i s  a b o u t  I k , 2 t im e s  l e s s  t h a n  t h a t  r e p o r t e d  f o r  v i n y l  t h i o a c e t a t e .  
F o r  co m p ar iso n ,  T a b le  J  shows th e  c h a i n - t r a n s f e r  c o n s t a n t s  r e p o r t e d  
f o r  some v i n y l  e s t e r s  and S - v i n y l  monomers. The c h a i n - t r a n s f e r  
c h a r a c t e r i s t i c s  o f  S - v i n y l  monomers r e p r e s e n t  a m a jo r  d i s a d v a n t a g e  
when h ig h  m o le c u la r  w e ig h t  co p o ly m ers  w i th  good m e c h a n ic a l  p r o p e r t i e s  
a r e  d e s i r e d .
The u b i q u i t o u s  p re s e n c e  o f  d i - _ t - b u ty l c a r b o n a t e  i n  t h e  monomer 
p rom pted  a more th o ro u g h  s tu d y  o f  i t s  i n f l u e n c e  on t h e  p o l y m e r i z a t i o n  
o f  S - v i n y l - 0 - t . - b u t y l t h i o c a r b o n a t e ,  th e  r e s u l t s  a r e  sum m arized  i n  
T a b le  8  and F ig u re  5 -  T he  r a t e  o f  p o ly m e r i z a t io n  and i n t r i n s i c  v i s ­
c o s i t y  d e c r e a s e d  s l i g h t l y  a s  t h e  c o n c e n t r a t i o n  o f  d i - t : - b u t y l c a r b o n a t e  
i n c r e a s e d  to  c o n c e n t r a t i o n s  as  h ig h  a s  20$ . T hese  r e s u l t s  i n d i c a t e d  
t h a t  d i - t ^ - b u t y l c a r b o n a t e  i s  n o t  a n  " i n h i b i t o r "  o r  " r e t a r d e r "  1 01  b u t  










0 8 16 1812
Rp x  10*-------- >
F ig u r e  4 :
D e g re e  o f  p o ly m e r i z a t i o n  o f  p o l y ( s - v in y l - O - t^ - b u ty l th io c a r f a o n a te )  
a s  a  f u n c t i o n  o f  t h e  p o ly m e r i z a t io n  r a t e  a t  7 0 °*
TABLE Y
C h a i n - t r a n s f e r  C o n s t a n t s  t o  M o n o m e r  ( C ^ )  f o r  
S om e  V i n y l  E s t e r s  a n d  A l l y !  M o n o m e r s
Monomer
T e m p . , 
° C
C x 103  
M
L i t .
r e f .
S - V i n y l - O - t - b u ty  1- 
t h i o c a r b o n a t e  (HT) TO 5 -95
T h i s
work
V in y l  t h i o a c e t a t e 60 156 18
V in y l  a c e t a t e 6 0 ( 7 0 ) 0 . 1 5 ( 0 . 2 1 ) 97
V in y l  p e l a r g o n a t e 6 0 ( 7 0 ) 1 . 5 ( 2 . 0 ) 97
V in y l  s t e a r a t e 6 0 ( 7 0 ) 2 . 5 ( 5 . 1 ) 97
V in y l  b e n z o a te 7 9 -6 0 . 7 98
V in y l  s a l i c y l a t e 70 8 . 0 99
A l l y l  c h l o r i d e 80 160 100
A l l y l  a c e t a t e 80 70 100
TABLE 8
D i la to m e r i c  E v a l u a t i o n  o f  t h e  P o l y m e r i z a t io n  o f  
S - V i n y l - O - ^ - b u t y l t h i o c a r b o n a t e  w i th  D i ^ t - b u t y l c a r b o n u t e
E x p .
[ m]
mol "jo
[C a rb o n a te ]  
mol $
[a i b n ]
mol $
R '  x 104 
P
degree o f  
c o n v / s e c
R x lO 4 , [T)]
{3 0 o , t h f )
P
m o l /£ - s e c
1 100 0 0 .0 b 4 O.bO 2 .3 5 0 . 3 5 b
2 95 5 0 . 0 U 0.H2 2 . 3 0 0 . 3 U
3 9 0 . 5 6 9.6k o.obb 0 . 3 9 2 . 0 2 0 . 3 1
h 8 0 . 1 1 1 9 .8 9 0 . 01A O. 3 6 1-614 0 . 3 0
3 8 9 . 5 1 0 . 5 0 . 0 3 1 O.Ub 2 . 2 6 o.lto
6 3 7 .3 9 a 6 2 . 6 l a 0 .0 9 3 o . k s 0 . 8 9 0 . 2 0
a .  Nmr a n a l y s i s  r e s u l t s .
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F i g u r e  5 :
I n f l u e n c e  o f  d i - J : ~ b u t y l c a r b o n a t e  o n  I n t r i n s i c  v i s c o s i t y  a n d  r a t e  o f  
p o l y m e r i z a t i o n  o f  S - v i n y l - 0 - _ t - b u t y i t h i o c a r b o n a t e .
r e s p o n s i v e  t o  low c o n c e n t r a t i o n s  o f  c h a i n - t r a n s f e r  a g e n t s  such  a s  
d o d e c y l  m e rc a p ta n ,  2 - n a p h t h a l e n e  t h i o l ,  and  ca rb o n  t e t r a b r o m i d e . 3 8
F r e e  R a d i c a l  P o l y m e r i z a t i o n  o f  S ty r e n e  i n  t h e  P r e s e n c e  o f  
A d d i t i v e s . S ty r e n e  p o ly m e r i z a t io n  i n  t h e  p r e s e n c e  o f  an  a d d i t i v e  such  
a s  d i ^ t - b u t y l c a r b o n a t e  » S - e t h y l - 0 - J > - b u t y l t h i o c a r b o n a t e  (6 7 ) ,  a
s a t u r a t e d  a n a lo g  o f  16 , and  p o l y ( S - v i n y l - O - t - b u t y l t h i o c a r b o n a t e  ( T l )  , 
was s t u d i e d  d i l a t o m e t r i c a l l y  u s i n g  AIEN a s  i n i t i a t o r .  The r e s u l t s ,  
a s  sum m arized i n  T a b le  9 j  show t h a t  no s i g n i f i c a n t  c h a i n - t r a n s f e r  
p r o p e r t y  was o b se rv e d  f o r  t h e s e  com pounds. A lth o u g h  t h e  p o l y s t y r e n e  
r a d i c a l  i s  n o t  e x c e p t i o n a l l y  r e a c t i v e ,  i t  i s  u n l i k e l y  t h a t  no e f f e c t  
would be d e t e c t e d  i f  t h e s e  compounds in d e e d  a c te d  as  c h a i n  t r a n s f e r  
a g e n t s  in  S - v i n y l - 0 - _ t - b u t y l t h i o c a r b o n a t e  p o l y m e r i z a t i o n .  T h u s ,  th e  
m o le c u la r  w e ig h t  l i m i t i n g  f e a t u r e  i n  h o m o p o ly m e r iz a t io n  and  c o p o ly ­
m e r i z a t i o n  o f  1 6  i s  t h e  c h a i n  t r a n s f e r  t o  monomer.
P o l y m e r i z a t i o n  o f  S - V in y l - Q - J ; - a m y l th io c a r b o n a te . S - V i n y l - 0 - t -  
a m y l th i o c a r b o n a te  ( ^ )  p o ly m e r iz e d  r e a d i l y  i n  b u lk  o r  s o l u t i o n  in  
t h e  p r e s e n c e  o f  f r e e  r a d i c a l  i n i t i a t o r s  . The po lym er was s o l u b l e  
i n  a ro m a t ic  and  h a lo g e n a te d  s o l v e n t s  and c o u ld  be p r e c i p i t a t e d  by 
a d d i t i o n  to  a l i p h a t i c  h y d ro c a rb o n s  o r  m e th a n o l .  I s o l a t i n g  and d ry in g  
th e  p r e c i p i t a t e  i n  vacuo  p ro d u c e d  a w h i t e ,  f l o c c u l e n t  powder (72)rvsj
w i th  a m o l e c u l a r  w e ig h t  o f  ' " '3 0 ,0 0 0  (DP = 175)* T hese  r e s u l t s  a r e  
s i m i l a r  t o  t h o s e  o b ta in e d  w i th  S - v i n y l - 0 - _ t - b u t y l t h i o c a r b o n a t e 3 6 >73  
and b e t t e r  t h a n  t h e  DP a c h ie v e d  by p o ly m e r i z i n g  v i n y l  t h i o a c e t a t e  
u n d e r  s i m i l a r  c o n d i t i o n s . 18  The l i m i t i n g  m o le c u la r  w e ig h t  i s  p ro b a b ly
TABLE 0
E f f e c t  o f  " A d d i t i v e "  on th e  P o ly m e r i z a t io n  o f  S ty r e n e  
I n i t i a t e d  by AIBN3  a t  r(Q'}
R '  x 10^
S t y r e n e A d d i ­
p
degree o f R x lO 4 , _ P [1]]
M x l O " ' 1 n
E x p . m o l /  j J - s e c t i v e  $ C o n v c o n v / s e c m o l / f - s e c ( 5O0 , B e n z e n e ) ( G P C ) c
1 8 . 2 9 1 - - 8 . 9 6 3 1 . 1  ̂ 0 9 -4 5 3 0 .9 3 0 13-Vl
2 8 . 1 1 9 & 8 . 3 4 1 1 . 1 5 8 9 .4 0 6 0 .9 2 3
5 8 .1 4 8 &
8 . 7 8 0 1 .161 9-421 O .9 I4O
h 8 .1 7 1 I X 9 . 0 0 1 1 .1 5 4 9*429 0 . 8 2 6 13 .78
a .  C o n c e n t r a t i o n  o f  AIBN: [AIBN] x  10s  = 0 . 2 3 3 6  m ol/jJ .
b .  C o n c e n t r a t i o n  o f  a d d i t i v e :  [ A d d i t i v e ]  x 102  = 9 * 5 8 6  m o l / i .
c .  E s t im a te d  from  GPC o f  0 .1 2 5 $  s o l u t i o n  in  DMF.
d u e  t o  c h a i n  t r a n s f e r  t o  m o n o m e r  a n d  t o  t h e  p o l y m e r  b a c k b o n e  s i n c e  
a b s t r a c t i o n  o f  a  h y d r o g e n  a t o m  a d j a c e n t  t o  t h i o - s u b s t i t u e n t  w o u l d  
r e s u l t  i n  a  r a d i c a l  s t a b i l i z e d  b y  r e s o n a n c e  w i t h  t h e  s u l f u r  a t o m .
2 j ;0  7 , p r e s u m a b l y  c o r r e s p o n d s  t o  a  t h e r m a l  d e b l o c k i n g  r e a c t i o n  t o
p r o b a b l y  c o r r e s p o n d s  t o  a  c y c l i z a t i o n  o f  ^0^ a c c o m p a n i e d  b y  t h e  
r e l e a s e  o f  h y d r o g e n  s u l f i d e .  A 6b.60$> ( t h e o r e t i c a l l y  6 5 . 51 $ )  
w e i g h t  l o s s  ( T G A )  a n d  t h e  d i s a p p e a r a n c e  o f  t - a m y l  f u n c t i o n a l  g r o u p
i n  t h e  n m r  o f  t h e  r e s i d u e  w e r e  c o n s i s t e n t  w i t h  t h i s  i n t e r p r e t a t i o n .  
T h e  t h e r m o l y s i s  r e a c t i o n  w i l l  b e  d i s c u s s e d  i n  d e t a i l  i n  S e c t i o n  C .
V i n y l b e n z y l - 0 - _ t - b u t y l t h i o c a r b o n a t e  ( 6 ^ )  i s  a  v e r y  r e a c t i v e  m o n o m e r  
w h i c h  c a n  b e  p o l y m e r i z e d  r e a d i l y  i n  b u l k  o r  s o l u t i o n  i n  t h e  p r e ­
s e n c e  o f  f r e e  r a d i c a l  i n i t i a t o r s .  P o l y m e r i z a t i o n  t o  l o w  c o n v e r s i o n s  
y i e l d e d  25$  c r o s s l i n k e d  p o l y m e r  w h i c h  s w e l l e d  r a p i d l y  i n  b e n z e n e ,  
T H F ,  a n d  DMF, a n d  75$  b e n z e n e  s o l u b l e  p o l y ( s - v i n y l b e n z y l - 0 ^ t -  
b u t y l t h i o c a r b o n a t e )  ( 7 ^ )  w i t h  a n  i n t r i n s i c  v i s c o s i t y  o f  Q.b9  d l / g .
T h e  d i f f e r e n t i a l  t h e r m a l  a n d  t h e r m o g r a v l m e t r i c  a n a l y s i s  
( F i g u r e  6 )  o f  t h e  p o l y m e r  e x h i b i t e d  t w o  m a j o r  e n d o t h e r m i c  t r a n s i ­
t i o n s .  T h e  f i r s t  o n e ,  b e g i n n i n g  a t  2 2 2 °  a n d  r e a c h i n g  a  m a x i m u m  a t
p r o d u c e  p o l y ( v i n y l  m e r c a p t a n )  (^0^) T h e  s e c o n d  o n e  a t  3 3 J + . 5 0
fC H 2 -CH-3.
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F i g u r e  6 :
DTA (A) and TGA ( b ) a n a l y s i s  o f  p o l y ( S - v i n y l - 0 - J : - a m y l t h i o c a r b o n a t e ) ,
The h i g h e r  m o le c u la r  w e ig h ts  o f  ( 7 ^  a s  com pared w i th  p o l y - S - v i n y l -  
O - t - b u t y l t h i o c a r b o n a t e )  (71) i n d i c a t e d  t h a t  t h e  b e n z y l  m e th y le n e  
group s h i e l d s  th e  g ro w in g  r a d i c a l  from  th e  d - o r b i t a l  o f  t h e  s u l f u r  
atom  and  e l i m i n a t e s  t h e  p o s s i b i l i t y  o f  c o n j u g a t i o n  w i t h  t h e  e l e c ­
t r o n s  o f  th e  TT-bond (d-TT c o n j u g a t i o n ) .  The f r e e  r a d i c a l s  o f  grow ing 
c h a i n  from  ljo a r e  m ore s t a b l e  th a n  6^  r a d i c a l s ,  s i n c e  t h e  e x p a n s io n  
o f  t h e  u n p a i r e d  e l e c t r o n  i n t o  th e  d - o r b i t a l  o f  t h e  s u l f u r  atom r e ­
s u l t s  i n  a  r e s o n a n c e  s t a b i l i z a t i o n . 40 However, th e  m e th y le n e  group 
i s  p ro b a b ly  a  v e ry  r e a c t i v e  c h a i n  t r a n s f e r  s i t e  s in c e  t h e  r a d i c a l  
form ed upon hyd ro g en  a b s t r a c t i o n  i s  s t a b i l i z e d .  E x t e n s iv e  c h a in  
t r a n s f e r  t o  po lym er v i a  t h e  b e n z y l  g ro u p  i s  p ro b a b ly  r e s p o n s i b l e  
f o r  t h e  fo r m a t io n  o f  c r o s s l i n k e d  p o ly m er  a t  h ig h  c o n v e r s i o n s .  A 
b u lk  p o l y m e r i z a t i o n  w h ich  was a l lo w e d  t o  go t o  1 00^  c o n v e r s io n  
y i e l d e d  c r o s s l i n k e d  p o lym er o n ly .
A ttem p ted  a n i o n i c  p o ly m e r i z a t i o n  o f  i n  th e  p r e s e n c e  o f  
n-BuLi a t  - 7 8 °  i n  t o l u e n e  p roved  u n s u c c e s s f u l .  Po lym ers  from 
c a n  be decomposed a t  2 2 2 °  t o  form  t h e  c o r r e s p o n d in g  p o l y ( v i n y l b e n z y l  
m e rc a p ta n )  w i th  s u b s e q u e n t  l o s s  o f  c a rb o n  d i o x i d e  and i s o b u t y l e n e .
C. Kinetic Studies of the Pyrolysis of Poly(S-vinyl-Q-j:-
butylthiocarbonate)
S e v e r a l  exam ples  o f  th e  th e rm a l  rem o v a l o f  t h e  c a rb o - t : -  
b u to x y l  b lo c k in g  g ro u p  have been  r e p o r t e d  i n  l i t e r a t u r e . 205, 104  
Therm al decom posion  o f  p o l y - ( s - v i n y l - 0 - . t - b u t y t h i o c a r b o n a t e )  was 
o r i g i n a l l y  i n v e s t i g a t e d  by D aly3 6  by h e a t i n g  a 15% s o l u t i o n  o f  
po lym er i n  N -m e th y lp y r r o l id o n e  u n d e r  n i t r o g e n  to  l 6 0 °  t o  in d u c e  
a v ig o ro u s  e v o l u t i o n  o f  c a rb o n  d io x i d e  and  i s o b u t y l e n e .  The 
i s o b u t y l e n e  was i d e n t i f i e d  by th e  f o r m a t io n  o f  N -J t-b u t y l  benzam ide 
from b e n z o n i t r i l e  v ia  t h e  R i t t e r  r e a c t i o n . 1 0 5  Q u a n t i t a t i v e  
d e t e r m i n a t i o n  o f  c a rb o n  d io x i d e  by a b s o r p t i o n  on A s c a r i t e  i n d i c a t e d  
t h a t  8 9 % r e a c t i o n  had o c c u r r e d  a f t e r  two h o u r s .  T h is  was i n  
good ag ree m en t  w i th  a m e rc a p ta n  a s s a y  o f  8 2 % f o r  th e  p o l y ( v i n y l  
m e rc a p ta n )  s o l u t i o n .  The p o l y ( v i n y l  m e rc a p ta n )  was s o l u b l e  i n  
DMSO, DMF, d io x a n e  and 5% NaOH.
A k i n e t i c  s t u d y  o f  t h e  t h e r m o ly s i s  o f  p o l y ( s - v i n y l - 0 - j t -  
b u t y l t h i o c a r b o n a t e )  ( j l )  was c o n d u c te d  u s i n g  i s o t h e r m a l  t im e  b a se  
th e rm o g r a v im e t r i c  a n a l y s i s  (TGA). T a b le  16 sum m arizes  t h e  i s o ­
th e rm a l  w e i g h t - l o s s  d a t a  f o r  Jl^ i n  a  d r y  n i t r o g e n  s t r e a m .  The 
r e s u l t s , a s  shown i n  F ig u re  7 > c o n f i rm e d  t h a t  t h e  r e a c t i o n  i s  f i r s t  
o r d e r  and an A r r h e n iu s  p l o t  ( F ig u r e  8 ) e x h i b i t s  a l i n e a r  te m p e ra ­
t u r e  dependence  i n  th e  ra n g e  from 1 7 0 - 2 5 0 °  w i th  E„ = 3 1 . 2 2  k c a l /m o l ,  
A = 2 .3 0 2  x 101 2  s e c  1 , and AS^ = -2.1*2 e . u .  The low a c t i v a t i o n  
e n e rg y  and n e g a t i v e  e n t r o p y  o f  a c t i v a t i o n  a r e  c o n s i s t e n t  w i th  th e  
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F ig u r e  J:
T y p ic a l  c u rv e s  o f  i s o th e r m a l  d e c o m p o s i t io n  (TGA) o f  p o l y ( S - v i n y l - 0 - t  
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F ig u r e  8 :
A r rh e n iu s  p l o t  f o r  th e rm a l  d e b lo c k in g  r e a c t i o n  o f  p o l y ( S - v in y 1 -0 -_t- 
b u t y l t h i o c a r b o n a t e ) .
The t o t a l  w e ig h t  l a s s  a v e ra g e d  o v e r  t e n  i s o t h e r m a l  ru n s  
was 6 2 .6 0  +  0 .1 $  ( c a l c ' d  6 2 . 5 $ ) .  Mass s p e c t r a l  a n a l y s i s  o f  th e  
g as  m ix tu r e  e v o lv e d  showed t h a t  i t  was composed o f  c a rb o n  d io x id e  
and i s o b u t y l e n e  o n ly ,  w hich  i s  c o n s i s t e n t  w i th  th e  d e b lo c k in g  
mechanism  p ro p o se d  (Scheme X I l ) .
SCHEME X I I  
Mechanism o f  T h e rm o ly s is
■fCH2 -CH£ +  C02  +  CH2 =C-CH3  
SH CH3
D. C o p o ly m e r iz a t io n  o f  S -V iny  1 - 0 - t - b u t y l t h i o c a r b o n a t e
C o p o ly m e r iz a t io n  w i th  S t y r e n e .  M ethyl M e th a c r y l a t e ,  an d  V iny l 
A c e t a t e  - The c o p o l y m e r iz a t io n  c h a r a c t e r i s t i c s  o f  S - v i n y l - 0 - 1.- 
b u t y l t h i o c a r b o n a t e  w ere  d e te rm in e d  by m e a su r in g  th e  r e l a t i v e  
r e a c t i v i t y  o f  16  ̂ tow ard  s t y r e n e ,  m e th y l  m e t h a c r y l a t e  and v i n y l  
a c e t a t e .  T hese  comonomers r e p r e s e n t  a w id e  ra n g e  o f  c o p o ly m e r iz a -  
b i l i t i e s ,  e x t e n d in g  from th e  r e s o n a n c e  s t a b i l i z e d  s t y r e n e  w i t h
n e g a t i v e  p o l a r i t y  (Q, 1 . 0 ; e ,  - 0 . 8 ) th ro u g h  th e  n e g a t i v e l y  p o l a r i z e d  
n o n - s t a b i l i z e d  v i n y l  a c e t a t e  (Q, 0 . 0 2 8 ; e ,  - 0 . ^ )  t o  th e  p o s i t i v e l y  
p o l a r i z e d  m e th y l  m e t h a c r y l a t e  (Q , 0 . 7 ^ ;  e ,  0 . J | ) l o e . T h u s ,  th e  
r e a c t i v i t y  r a t i o s  o b se rv e d  when 1(5 was c o p o ly m e r iz e d  w i th  e a c h  o f  th e s e  
comonomers s h o u ld  d e f i n e  t h e  Q, e  p a r a m e te r s  f o r  1̂ 6 and i n d i c a t e  t h e  
ty p e s  o f  comonomers w hich  would y i e l d  random c o p o ly m e rs .
The c o p o l y m e r i z a t i o n s  w ere ru n  w i th  n e a t  monomer m i x tu r e s  
u s i n g  0 . 5  m ole $  a z o b i s i s o b u t y r o n i t r i l e  as  an  i n i t i a t o r .  I n  s p i t e  
o f  a l l  p r e c a u t i o n s ,  th e  c o p o l y m e r i z a t io n s  f r e q u e n t l y  p ro c e e d e d  so 
r a p i d l y  t h a t  c o n v e r s io n s  g r e a t e r  th a n  10$ w ere  o b t a i n e d .  I n  t h e s e  
c a s e s  th e  i n i t i a l  monomer c o n c e n t r a t i o n  i n  th e  f e e d  was u sed  t o  
o b t a i n  a  f i r s t  a p p r o x im a t io n  o f  t h e  r e a c t i v i t y  r a t i o s  and th e n  th e  
com pute r  p ro g ra m 107  f o r  g e n e r a t i n g  a n  i n t e g r a t e d  copo lym er co m p o s i­
t i o n  a t  a l l  c o n v e r s io n s  was u sed  to  r e f i n e  t h e  v a l u e s .  The co p o ly m er  
c o m p o s i t io n  was d e te rm in e d  by two in d e p e n d e n t  t e c h n i q u e s ,  e l e m e n t a l  
a n a l y s i s  and e i t h e r  u l t r a v i o l e t  o r  iunr s p e c t r o m e t r y .  The d a t a  
o b ta in e d  was a n a ly z e d  by  t h e  method o f  F inem an and  R o s s l o s  (Method 
l )  u s in g  one  o f  t h e  f o l l o w i n g  two fo rm s  o f  t h e  c o p o l y m e r i z a t io n
w here  F i s  t h e  i n i t i a l  f e e d  r a t i o ,  Mx/Ma, and f  i s  t h e  r a t i o  o f  
monomers i n c o r p o r a t e d  i n t o  t h e  c o p o ly m e r ,  m2 /m2 . B o th  form s o f  
t h e  e q u a t i o n  w ere  p l o t t e d  and t h e  form  y i e l d i n g  t h e  b e s t  s t r a i g h t
e q u a t i o n :
F -  ( F / f )  = r a ( F e/ f )  -  r 2  
^  = - r e ( f / F 2) + n (2 )
( D
l i n e  was u se d  t o  e v a l u a t e  rx  and r^* The c a l c u l a t i o n  was checked  
and r e f i n e d  by t h e  c u rv e  f i t t i n g  t e c h n i q u e 1 0 9  (Method 2 )  w i th  a 
com pute r  p rog ram  ( s e e  A ppend ix  i )  u s i n g  th e  Mayo and  Lewis e q u a t i o n 1 1 0  
t o  c a l c u l a t e  t h e  a v e r a g e  c o m p o s i t io n  o f  th e  co p o ly m ers  a t  th e  
p r e c i s e  p e r c e n t  c o n v e r s io n  o b ta in e d  e x p e r i m e n t a l l y .  A f t e r  a
mi * < £ > *  &
( £ >  +
(5 )
s a t i s f a c t o r y  p a i r  o f  r e a c t i v i t y  r a t i o s  was o b t a i n e d ,  th e  program  
( s e e  A ppend ix  I I ) was u se d  t o  g e n e r a t e  t h e  i n s t a n t a n e o u s  copo lym er 
c o m p o s i t io n  c u rv e  f o r  c o p o l y m e r i z a t i o n  c a r r i e d  t o  f i v e  p e r c e n t  
c o n v e r s io n .  The copo lym er c o m p o s i t io n  cu rv e  f o r  s t y r e n e  (Mi) and 
S - v i n y l - O - t - b u t y l t h i o c a r b o n a t e  (tfe) i s  shown i n  F ig u r e  9j s i m i l a r  
c u rv e s  f o r  m e th y l  m e t h a c r y l a t e  and v i n y l  a c e t a t e  c o p o ly m e r iz a t io n s  
w i t h  1(5 a r e  d e p i c t e d  i n  F ig u r e  10. The r e a c t i v i t y  r a t i o s  c a l c u l a t e d  
by b o th  Method 1 and Method 2 f o r  each  s e t  o f  a n a l y t i c a l  d a t a  
a r e  sum m arized i n  T a b le  10. The v a l u e s  o b ta in e d  from  nmr m e a su re ­
m ents  c o r r e l a t e  w e l l  w i t h  t h o s e  d e r iv e d  from t h e  e l e m e n t a l  a n a l y s i s  
and p r o v id e  a d d i t i o n  i n f o r m a t i o n  on  t h e  s e q u en ce  d i s t r i b u t i o n  i n  
th e  c o p o ly m e rs .
The d a t a  o b ta in e d  from  th e  c o p o l y m e r i z a t io n  o f  1(5 w ere  u sed  
to  c a l c u l a t e  t h e  Q and e c o p o l y m e r i z a t io n  p a ra m e te r s  em ploy ing  
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F i g u r e  9:
Copolym er c o m p o s i t io n  c u rv e  f o r  t h e  c o p o l y m e r i z a t i o n  o f  S - v i n y l - O - t -  
b u t y l t h i o c a r b o n a t e  (M2 ) w i th  s t y r e n e  (M^): (■) E x p e r i m e n t a l ;  (O)
i n s t a n t a n e o u s  copo lym er c o m p o s i t io n  a t  5$  c o n v e r s io n  c a l c u l a t e d  from  
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M, IN F E E D  ------->
F ig u r e  10:
Copolym er c o m p o s i t io n  c u r v e  f o r  t h e  c o p o l y m e r i z a t io n  o f  S - v i n y l - 0 -  
b u t y l t h i o c a r b o n a t e  (M2 ) w i th  (* )  m e th y l  m e th a c r y l a t e  (Mx ) and ( • )  
v i n y l  a c e t a t e  (M i) ;  (O) c a l c u l a t e d  c o m p o s i t i o n s =
TABLE 10
R e a c t i v i t y  R a t i o s  o f  S - V i n y l - 0 - £ - b u t y l l h i o c a r b o n a t e  ( M g )
w i t h  C o m o n o m e r s  (M ^ )
Ml Method o f  r g
c a l c u l a t i o n
S ty r e n e 1
T—ft
*
1•H 0 . 2 1 - 0 . 0 5
1 2 . 1 5 - 0 . 2 ° 0 .1 5 ^ 0 . 05°
2 2 . 5 0 - 0 . 1 0 .5 5 - 0 . 0 5
2 5 . 0  t 0 . l a 0 . 2 0 - 0 . 0 5
M e th y l 1 1 . 2 5 - 0 . 0 5 0 . 2 5 - 0 . 0 5
me t h a c r y  la  te 1 1 . 2 0 - 0 . 1 0 . 2 2 ^ 0 . 0 5
2 1 . 4 0 ^ 0 . 0 5 0 . 1 7 - 0 . 0 5
2
b
1 . 2 8 - 0 . 0 5 0 . 2 0 - 0 . 0 5
V i n y l  a c e t a t e 1 0 . 0 ^ 0 . 0 1 1 1 . 0  t i . o
2 0 . 0 U-0 . 0 1 1 1 . 0  -1 . 0
N - V i n y l p y r r o l i d o n e 1 0 .1 2 - 0 . 0 2 5 . 9  - 0 . 1
2 0 .1 2 ^ 0 . 0 1 5 . 9 ^ - 0 . 0 5
N - I s o p r o p y l a c r y l a m i d e 1 1 .1 1 - 0 . 0 5 0 . 5 0 - 0 . 0 5
2 l . l T - 0 . 0 5 0 . 5 0 - 0 . 0 5
N -V in y l - 0 - t^ - b u ty  1 - 1 O . I 5 -O .O 5 5 . 3 0 - 0 . 1
c a r b a m a te 2 0 . 1 2 - 0 . 0 5 5 . 1 0 - 0 . 1
J:- B u ty l 1 1 . 8 5 - 0 . 1 0 . 1 9 - 0 . 0 5
me t h a c r y  l a t e 2 1 . 7 0 * 0 .0 5 0 . 1 5 * 0 . 0 5
a .  S p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  s t y r e n e  c o n t e n t  a t  260  mjt,,
b . E s t i m a t e d  by q u a n t i t a t i v e  nmr a n a l y s i s  o f  c o p o ly m e r s .
TABLE 11
C o p o l y m e r i z a t i o n  P a r a m e t e r s  o f  S - V i n y l - O - X - b u t y l t h i o c a r b o n a t e
a n d  R e l a t e d  M onom ers
M i Q ia  e j ,a  Ms  r j  r 2  e s  R e f .
S t y r e n e 1 . 0 - 0 . 8 0
0
CHg=CH- S - C - 0 - C (  CH3 ) a ' 3 . 0 0 . 2 0 . 5 9 - 1 . 5 1 T h i s  w o rk
M e th y l  m e t h a c r y l a t e 0 . 7 4 0 . 4 0 I I 1 . 4 0 . 1 7 0 . 3 3 - 0 . 8 0 n
V i n y l  a c e t a t e 0 . 0 2 6 - 0 . 2 2 r r 0 . 0 4 1 1 . 0 0 . 6 5 - 1 . 1 3 n
S t y r e n e 1 . 0 - 0 . 8 0
0
C H ^ C H -S -C -N ’ ( C 2 H 5 )2  
0
4 . 4 0 . 1 4 0 . 4 0 - 1 . 4 9 • 40
S t y r e n e 1 . 0 - 0 . 8 0 CHs=CH-0 - C -K - ( C2 Hs ) 2  
S
3 2 0 . 0 3 0 . 0 1 9 - 1 . 1 0 10
S t y r e n e 1 . 0 - 0 . 8 0 CH2= CH- S - C - N - (  C2 %  ) 2  
0
4 . 0 5 0 . 1 4 3 0 . 4 3 - 1 . 5 4 3S
S t y r e n e 1 . 0 - 0 . 8 0 CHs =CH -S-C-CH3 4 . 0 0 . 2 5 0 . 2 5 - 0 , 8 . 18
N -V i n y  l p y r  r  o l  i d  one 0 . 1 4 - 1 . 1 4 C H 2=C H -S-C -0-C (C H 3 ) 3
11
0 . 1 2 3 . 9 4 0 . 5 3 0 . 0 2 7 T h i s  w o r k
t - B u t y l m e t h a c r y l a t e 0 . 9 1 - 0 . 4 4
0
It 1 . 7 0 0 . 1 5 0 . 5 2 - 1 . 6 1 I I
a .  D a t a  f r o m  Mayo a n d  L e w i s .
v a l u e s  i s  o b t a in e d  b u t  t h i s  i s  n o t  u n u s u a l  b e c a u s e  th e  e r r o r s  
i n h e r e n t  to  th e  r e a c t i v i t y  r a t i o s  a r e  compounded i n  th e  c a l c u l a t i o n .
e2  = e i  + ( - 0n T i  r2 )^  (J|)
Qa = Q i / r i  exp  Gl ê i ~e^  ( 5 )
The r e l a t i v e  h i g h  v a lu e s  o b t a i n e d  f o r  q3  c o n f i rm  th e  
s t a b i l i z i n g  i n f l u e n c e  o f  a s u l f u r  a tom  a d j a c e n t  t o  d o u b le  bond and  
a  r a d i c a l .  T h is  phenomena has b e e n  a t t r i b u t e d  t o  th e  a b i l i t y  o f  
s u l f u r  to  expand i t s  o c t e t  and p a r t i c i p a t e  i n  d-TT o r b i t a l  o v e r l a p  
w i t h  t h e  d o u b le  bond and  has  b een  co n f irm ed  s p e c t r o p h o t o m e t r i - 
c a l l y . 1 3 , 2 8  A s i m i l a r  r a t i o n a l  c a n  be a p p l i e d  t o  t h e  s t a b i l i z a t i o n  
o f  t h e  grow ing r a d i c a l .
'-'CH2 -CH* '"CH2 -CH
i »t
s s-
• < — -> •c=o c=o
I t
o - c ( c h 3 ) 3  o - c ( c h 3 ) 3
The e p a r a m e te r  was o r i g i n a l l y  c o n c e iv e d  t o  a c c o u n t  f o r  
e l e c t r o s t a t i c  i n t e r a c t i o n s  by a s su m in g  t h a t  th e  p r o d u c t  e i e 2  
r e p r e s e n t s  th e  a t t r a c t i o n  o r  r e p u l s i o n  o f  s t a t i c  c h a r g e s .  Sub­
s e q u e n t  e f f o r t s  to  e s t a b l i s h  t h i s  c o r r e l a t i o n  q u a n t i t a t i v e l y  
h av e  f a i l e d  b u t  t h e  q u a l i t a t i v e  c o n c e p t  o f  th e  e v a l u e  has  b een
r e t a i n e d .  Thus, t h e  n e g a t i v e  v a l u e s  o f  e2  o b s e r v e d  f o r  lfS
i n d i c a t e  t h a t  th e  a d j a c e n t  s u l f u r  a to m  en h an ces  t h e  e l e c t r o n
d e n s i t y  o f  t h e  d o u b l e  b o n d .  H o w e v e r ,  l a r g e  f l u x u a t i o n s  i n  t h e  
e  v a l u e s  d o  n o t  s i g n i f i c a n t l y  i n f l u e n c e  t h e  c o p o l y m e r i z a t i o n  r a t i o s  
o b s e r v e d  b e c a u s e  t h e  Q f a c t o r  e s s e n t i a l l y  d e t e r m i n e s  t h e  r e l a t i v e  
p o l y m e r i z a b i l i t y  o f  t h e  m onom er.  T h e  l a s t  tw o  e n t r i e s  i n  T a b l e  11 
i l l u s t r a t e  t h i s  p o i n t ,  b o t h  v a l u e s  a r e  n e g a t i v e  y e t  t h e r e  i s  a 
m a rk e d  d i f f e r e n c e  i n  t h e  c o p o l y m e r i z a b i l i t y  o f  t h e  c o r r e s p o n d i n g  
m o n o m e r s .
T h e  p r e d o m i n a t e  s t a b i l i z i n g  i n f l u e n c e  i s  t h e  a d j a c e n t  
s u l f u r  a t o m .  A l t h o u g h  t h e r e  i s  a v e r y  s i g n i f i c a n t  d i f f e r e n c e  
b e t w e e n  t h e  Q2 v a l u e s  o f  S - v i n y l - a n d  0 - v i n y l - N , N - d i e t h y l c a r b a m a t e s ,  
v e r y  l i t t l e  c h a n g e  i s  n o t e d  u p o n  e i t h e r  r e p l a c i n g  t h e  c a r b o n y l  
f u n c t i o n  w i t h  a  t h i o c a r b o n y l  ( S - v i n y l - N , N - d i e t h y l d i t h i o c a r b o n a t e )  
o r  v a r y i n g  t h e  c a r b o n y l  s u b s t i t u e n t  f r o m  a l k y l  t o  O - a l k y l .  T h i s  
i n d i c a t e s  t h a t  t h e  p o l y m e r i z a b i l i t y  o f  a l l  S - v i n y 1 - c a r b o n y l  d e r i v a ­
t i v e s  w i l l  b e  s i m i l a r  r e g a r d l e s s  o f  t h e  n a t u r e  o f  t h e  o t h e r  s u b ­
s t i t u e n t s  o n  t h e  r e s t  o f  t h e  m o l e c u l e .  T h u s  s e l e c t i o n  o f  a n  S -  
v i n y l  m on o m er  a s  a p r e c u r s o r  t o  a  p o l y ( v i n y l  m e r c a p t a n )  s h o u l d  b e  
b a s e d  u p o n  t h e  r e l a t i v e  e a s e  o f  r e m o v i n g  t h e  b l o c k i n g  g r o u p  f r o m  
p o l y m e r .  I n  t h i s  r e s p e c t ,  S - v i n y l - O - J i - b u t y l t h i o c a r b o n a t e  h a s  a 
d i s t i n c t  a d v a n t a g e  b e c a u s e  t h e  t _ - b u t y l o x y c a r b o n y l  b l o c k i n g  g r o u p  
c a n  b e  r e m o v e d  b y  e i t h e r  a c i d  h y d r o l y s i s  o r  m i l d  t h e r m o l y s i s .
W a t e r - S o l u b l e  C o p o ly m e r s ' !:11  S i n c e  m o s t  p h y s i o l o g i c a l  
a p p l i c a t i o n  o f  p o l y m e r c a p t a n s  r e q u i r e d  a  w a t e r  s o l u b l e  p o l y m e r i c  
s u b s t r a t e ,  t h e  c o p o l y m e r i z a t i o n  o f  S - v i n y l - 0 - . t - b u t y l t h i o c a r b o n a t e
w i th  w a te r  s o l u b l e  comonomers was s u rv e y e d .  I n c o r p o r a t i o n  o f  
v i n y l  p y r r o l i d o n e  i n t o  th e  copo lym ers  seemed p a r t i c u l a r l y  a t t r a c t i v e
and th u s  i s  n o n - t o x i c  and p h y s i o l o g i c a l l y  c o m p a t ib l e .  The p y r r o l i ­
done r i n g  was a t t a c k e d  by t h e  s t r o n g l y  a c i d i c  c o n d i t i o n s  r e q u i r e d  
t o  remove t h e  . t - b u ty lo x o  c a r b o n y l  b lo c k in g  g ro u p ,  b u t  t h i s  d i f f i c u l t y  
was e a s i l y  su rm oun ted  by  L h e rm o ly t ic  re m o v a l .
Copolymers o f  S - v i n y l - O - t i - b u t y l t h i o c a r b o n a t e  (m2 ) and N - v in y l
th e  r e a c t i v i t y  r a t i o s  o b t a i n e d ,  r i  = 0 . 1 2 ; r 2  = 3 *9^ ,  d e m o n s t r a te  
enhanced  r e a c t i v i t y  o f  th e  S - v i n y l  monomers o v e r  N - v in y l  monomers. 
T h i s  r e a c t i v i t y  i s  a d v a n ta g e o u s  b e c a u s e  o n ly  s m a l l  c o n c e n t r a t i o n s  
o f  t h e  S - v i n y l  monomer i n  t h e  monomer f e e d  a r e  r e q u i r e d  t o  p ro d u ce  
copo lym ers  c o n t a i n i n g  s i g n i f i c a n t  v i n y l  m e rc a p ta n  c o n t e n t .  The
beca u se  p o l y ( v i n y l  p y r r o l i d o n e )  c a n  be u s e d  a s  a p lasm a e x t e n d e r
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Copolymer c o m p o s i t io n  c u rv e  f o r  t h e  c o p o l y m e r i z a t i o n  o f  S -v in y l -0 -_ t -  
b u t y l t h i o c a r b o n a t e  w i th  (■) N - i s o p r o p y la c r y l a m i d e  (M^) and ( a ) N- 
v i n y l p y r r o l i d o n e  (M i) ;  (O) c a l c u l a t e d  c o m p o s i t io n s .
co p o ly m ers  w i th  s t r u c t u r e  jfJjj c o n t a i n i n g  2: 6 0 $  o f  N -v in y l  p y r r o l i d o n e  
w ere w a te r  s o l u b l e  b u t  th e  c o r r e s p o n d in g  p o ly m e r c a p ta n s , w ere  
i n s o l u b l e  i n  aqueous  m ed ia .  D i s s o l u t i o n  o f  i n  m e th a n o l ,  c h l o r o ­
form, d ira e th y lfo rm a m id e ,  d im e th y l  s u l f o x i d e  and  5 $  aqueous sodium  
h y d ro x id e  o c c u r r e d  r a p i d l y  a t  room t e m p e r a tu r e  i n d i c a t i n g  t h a t  d i ­
s u l f i d e  c r o s s l i n k s  w ere  n o t  r e s p o n s i b l e  f o r  t h e  p o o r  aqueous  s o l u ­
b i l i t y  p r o p e r t i e s .  The s u l f h y d r y l  g ro u p s  a p p e a r  t o  be more 
h y d ro p h o b ic  th a n  t h e i r  t^ -b u ty lo x y c a rb o n y l  p r e c u r s o r  and f o r c e  the  
copo lym er o u t  o f  s o l u t i o n ,  in d e e d  a  95 mole $  N - v in y l  p y r r o l i d o n e  
c o n t e n t  was r e q u i r e d  t o  a c h i e v e  s o l u b i l i t y  i n  n e u t r a l  aqueous  
m ed ia .
N - i s o p r o p y la c r y l a r a id e  h as  a l s o  been  u t i l i z e d  to  e n h a n c e  th e  
w a te r  s o l u b i l i t y  o f  c o p o ly m ers .  C o n c e iv a b ly  t h e  s e c o n d a ry  s t r u c ­
t u r e  o f  th e  i s o p ro p y la m id e  s u b s t i t u e n t  i s  more h y d r o p h i l i c  th a n  
th e  t e r t i a r y  amide s t r u c t u r e  found  i n  N - v i n y l p y r r o l i d o n e  and  w a te r  
s o l u b l e  copo lym ers  w i t h  2 5 $  v i n y l  m e rc a p ta n  c o m p o s i t io n s  c o u ld  be 
p r e p a r e d .  The a c r y l a m id e  s t r u c t u r e  i s  r e s i s t a n t  t o  th e  h y d r o l y t i c  
a c t i o n  o f  b o th  s t r o n g  a c i d s  and b a s e s  so t h e  p r o p e r t i e s  o f  t h e  
v i n y l  m e rc a p ta n  co p o ly m ers  c o u ld  be  s t u d i e d  o v e r  t h e  e n t i r e  pH 
r a n g e .  C o p o ly m e r iz a t io n  o f  N - i s o p r o p y la c r y l a m i d e  (Mi) w i th  S- 
v i n y l - 0 - t . - b u t y l t h i o c a r b o n a t e  (M2 ) p ro c e e d e d  s m o o th ly  ( F ig u r e  l l )  
and t h e  N - i s o p r o p y la c r y l a m id e  p ro v ed  t o  be m ore r e a c t i v e  t h a n  16r w
( r i  = 1 .1 7 ;  r 2  = O.3 ) .  W ater s o l u b l e  copo lym ers  w ere  o b ta in e d  
b u t  rem ova l o f  t h e  . t - b u ty lo x y  c a r b o n y l  b lo c k in g  g ro u p  by e i t h e r  
a c i d  h y d r o l y s i s  o r  t h e r m o ly s i s  y i e l d  i n s o l u b l e  v i n y l  m e rc a p ta n
c o p o ly m e rs .  In  a d d i t i o n ,  t h e  i s o p ro p y la m id e  m o ie ty  seemed to  
i n c r e a s e  th e  r e a c t i v i t y  o f  th e  m e rc a p ta n  g ro u p  b e c a u s e  th e  po lym ers  
d a rk e n e d  very  r a p i d l y  and  became i n s o l u b l e  i n  d i m e t h y l s u I f o x i d e .
Thus, N - v in y l  p y r r o l i d o n e  rem ains  t h e  b e s t  comonomer f o r  p ro d u c in g  
a w a t e r - s o l u b l e  p o ly m e rc a p ta n  s u b s t r a t e .
P o l y f u n c t i o n a l  V in v lm e rc a p ta n  C opo lym ers . 1 1 1  The p o s s i b i l i t y  
o f  p r e p a r i n g  a m in o -m e rc a p ta n  copo lym ers  f o r  model enzyme s u b s t r a t e s  
e v a l u a t i o n  was a l s o  e x p l o r e d .  N - V in y l - 0 - t . - b u ty lc a r b a m a te  (Mi) was 
p r e p a r e d  from v i n y l  i s o c y a n a t e  and t . - b u ta n o l  and c o p o ly m e r iz e d  
w i th  t h e  a n a lo g o u s  S - v i n y l  compound (M2 ) .  The c o p o l y m e r i z a t io n  
r e s u l t s  w ere  e r r a t i c  b u t  copolym ers  c o u ld  be  o b t a i n e d  f o r  a l l  f eed  
r a t i o s  (F ig u r e  1 2 ) .  I t  was d i f f i c u l t  t o  o b t a i n  copo lym ers  c o n t a i n i n g  
h ig h  p e r c e n ta g e s  o f  th e  N - v in y l  monomer due to  th e  l a r g e  d i f f e r e n c e  
i n  t h e  r e a c t i v i t y  r a t i o s ,  i . e .  r i  = 0 .1 3 ;  r 2  = 5*10 . The copo lym ers  
p r o b a b ly  c o n t a in  lo n g  b lo c k s  o f  p o l y C s - v i n y l - O - t ^ - b u ty l th io c a r b o n a te )  
c o u p le d  by i s o l a t e d  N - v in y l - 0 - _ t - b u ty l  c a rb a m a te  l i n k a g e s  r a t h e r  
th a n  a random d i s t r i b u t i o n  o f  coraonomers.
The rem oval o f  t h e  t - b u to x y c a r b o n y l  b lo c k in g  g ro u p  i s  
c o m p l ic a te d  by th e  r e a c t i v i t y  o f  t h e  amino s u b s t i t u e n t .  T h e rm o ly t i c  
c l e a v a g e  le a d  to  a c r o s s l i n k e d  r e s i n  due  t o  t h e  f o r m a t io n  o f  u r e a  
l i n k a g e s . 1 1 2  The i s o l a t i o n  o f  t h e  N - v in y l  m o i e t i e s  m i t i g a t e s  
a g a i n s t  c y c l i c  u r e a  f o r m a t io n  and l e a d s  t o  i n s o l u b l e  r e s i n s  a t  a 
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F i g u r e  12:
Copolym er c o m p o s i t io n  c u rv e  f o r  t h e  c o p o l y m e r i z a t i o n  o f  S - v in y l - Q - t^  
b u t y l t h i o c a r b o n a t e  (M2 ) w i th  ( • )  J : - b u t y l  m e t h a c r y l a t e  (Mx) and (* )  
N - v in y l - O - ^ - b u t y l c a r b a m a te  (M i);  ( o )  c a l c u l a t e d  c o m p o s i t io n s .
 >  ' ^ H j  -  Cl lr^w CH^ “ C H ~v '''* ,'->
> I  I I
S - C - O - t - B u  N - C - O - t _ - B u  SH NH




y i e l d  th e  am ine h y d ro b ro m id e  s a l t  w h ich  c o u ld  be c o n v e r t e d  to  th e  
f r e e  p o ly  (v in y la m in e  -  v i n y l  m e rc a p ta n )  copo lym er by t r e a t m e n t  
w i th  an  io n -e x c h a n g e  r e s i n  b u t  th e  r e c o v e r y  o f  copo lym er from th e  
r e s i n  was e x t r e m e ly  d i f f i c u l t .
PolyC t_- b u t y l  m e t h a c r y l a t e - S - v i n y l - 0 - t : - b u t y l t h i o c a r b o n a t e )  
copo lym ers  w e re  p r e p a re d  a s  p o t e n t i a l  p r e c u r s o r s  t o  a  p o ly  
( m e t h a c r y l i c  a c i d - v i n y l  m e rc a p ta n )  s u b s t r a t e .  The c o p o l y m e r i z a t io n  
r e s u l t s  c o n f i r m  th e  s u p e r i o r  r e a c t i v i t y  o f  a c r y l i c  o r  m e t h a c r y l i c  
monomers o v e r  t h e  S - v i n y l - 0 - t . - b u t y l t h i o c a r b o n a t e  (m^ )  ( r i  = l . ? 0 ,
Tz  = 0 . 1 5 ) b u t  copolym ers  c o u ld  be o b t a i n e d  o v e r  t h e  e n t i r e  ra n g e  
o f  fe e d  r a t i o s  (F ig u r e  1 2 ) .
E .  C h e m i c a l  M o d i f i c a t i o n  o f  P o l y m e r i c  S u b s t r a t e  w i t h  B e n d e r s  S a l t s
I n  s e c t i o n  A o f  t h i s  c h a p t e r  we d e s c r i b e d  a t h e r m a l l y  
l a b i l e  B e n d e r 's  s a l t  w hich  was u t i l i z e d  f o r  p r e p a r a t i o n  o f  monomers 
c o n t a i n i n g  " b lo c k e d "  m e rc a p ta n  g r o u p s .  A lth o u g h  t h e  monomer 
s y n t h e s i s  h a s  many a d v a n t a g e s , 78  th e  m a jo r  d i s a d v a n t a g e  i s  t h e  
i n h e r e n t  c h a i n - t r a n s f e r  o r  i n h i b i t o r  p r o p e r t i e s  o f  s u l f u r  c o n t a i n i n g  
f u n c t i o n a l  g r o u p s ,  i . e .  S - v i n y l - O - i t - b u t y l t h i o c a r b o n a t e  ( l6 ^  e x h i b i t s  
a  ( ^  = 3 . 9  x  10 3 . The p o ly m ers  and co p o ly m ers  o f  lf^ w ere
»r
r e l a t i v e l y  low m o le c u la r  w e ig h t  m a t e r i a l s ,  b u t  th e  v e r s a t i l i t y  
o f  t h e  c a rb o -_ t -b u to x y  b lo c k in g  g ro u p  i n  po lym er cap  t a n  s y n t h e s i s  
was d e m o n s t r a te d . 41  I n  t h i s  s e c t i o n ,  we d e s c r i b e  a method f o r  
i n t r o d u c i n g  . t - b u t y l t h i o c a r b o n a t e  g ro u p s  i n t o  po lym ers  c o n t a i n i n g  
c h lo ro m e th y l  f u n c t i o n a l  g ro u p s  su ch  a s :  c h l o r o m e th y l a te d
p o l y s t y r e n e ,  p o l y ( e p i c h l o r o h y d r i n )  ( H e r c lo r - H ) ,  c o p o l y ( e p i c h l o r o -  
h y d r i n - e t h y l e n e  o x id e )  ( H e r c lo r - C ) ,  and  p o l y ( v i n y l  c h l o r i d e ) .  
D is p la c e m e n t  o f  t h e  c h l o r i d e  l e a v in g  g ro u p  w i th  p o ta s s iu m  O-Jt- 
b u t y l t h i o c a r b o n a t e  ( 61 )̂ y i e l d s  a p o ly m e r ic  m e rc a p ta n  p r e c u r s o r  
w h ich  can  be c o n v e r t e d  to  p o ly m e rc a p ta n  by  t h e r m o l y s i s .
0  0  
P) - C l  +  K+ ~ S -C -0 - t -B u  - DMF- >  p ) „ - S - C - 0 - t - B u  -r-> ? )  -SH +  C02 +CH2 =C; ™ 3
X  A X  t i t l o3
-(CH2 -C H ^  -fCH2-CH-0>x 4CH2 -CH“(% fC H 2 -CH2 - 0 - ^  -fCHsrCH)^
p) x= O  W e- We~
6H2 -
( I &  ( i x )  ( W  (1 2 )
B e n d e r’ s  S a l t s  a s  N u c l e o p h i l e s . B e n d e r 's  s a l t s  a s  d e s c r i b e d  
p r e v i o u s l y  can b e  p r e p a re d  by t r e a t i n g  p o ta s s iu m  a l c o h o l a t e s  w i th  
c a r b o n y l  s u l f i d e  and DMF. A d d i t i o n  o f  1 -2 $  w a t e r  to  DMF p ro d u c e s  
a  good  s o l v e n t  m i x tu r e  f o r  t h e  d i s p la c e m e n t  r e a c t i o n s ;  a l l  o f  th e  
po lym er s u b s t r a t e s  u s e d  i n  t h i s  w ork  d i s s o l v e  i n  DMF, and t h e  
d i s p la c e m e n t  r e a c t i o n  o c c u r s  i n i t i a l l y  i n  a  homogeneous m e d ia .  
However, th e  m i x tu r e  soon  becomes h e t e r o g e n o u s  a s  b o th  p o ta s s iu m  
c h l o r i d e  and s u b s t i t u t e d  po lym er p r e c i p i t a t e  from  s o l u t i o n .  I n
m ost c a s e s ,  t h e  s u b s t i t u t i o n  was n e a r l y  q u a n t i t a t i v e  b a s e d  upon 
r e s i d u a l  c h l o r i n e  c o n t e n t  (T a b le  1 2 ) ;  and s t r o n g  c a rb o n y l  a b ­
s o r p t i o n s  a t  1685-1710 cm 1 , J : - b u ty l  a b s o r p t i o n s  a t  1205-1250  cm 1 
and  C-S s t r e t c h i n g  a t  675 cm 1 ( F i g u r e  13 and 14) a r e  c o n s i s t e n t  w i th  
th e  i n t r o d u c t i o n  o f  j t - b u t y l t h i o c a r b o n a t e  g r o u p s .  However, s u l f u r  
a n a l y s i s  r e v e a l e d  t h a t  t h e  s u b s t i t u t i o n  i s  accom panied  by s i d e  
r e a c t i o n s  w hich  f u r t h e r  i n c r e a s e  t h e  s u l f u r  c o n t e n t  o f  t h e  p ro d u c t s  
when t h e  r e a c t i v e  s i t e s  a r e  a t t a c h e d  t o  a f l e x i b l e  b ackbone  such  
a s  p o l y ( o x y e t h y l e n e ) . The po lym er d e r i v a t i v e s  a r e  no l o n g e r  
s o l u b l e ,  b u t  s w e l l  r a p i d l y  i n  b e n z e n e ,  THF, an d  c y c lo h e x a n o n e  
i n d i c a t i n g  t h a t  c r o s s l i n k i n g  h as  o c c u r r e d  d u r in g  th e  d i s p la c e m e n t  
r e a c t i o n .  C a r e f u l  e x c l u s i o n  o f  oxygen and l i g h t  and u s i n g  low 
c o n c e n t r a t i o n s  o f  6l^ f a i l e d  to  i n h i b i t  t h e  c r o s s l i n k i n g  p r o c e s s .
The r e a c t i o n  c o n d i t i o n s  a r e  to o  m i ld  t o  e f f e c t  th e rm a l  d e b lo c k in g  
o f  t h e  c a rb o - t . - b u to x y  b lo c k in g  g ro u p  s o  c r o s s l i n k  p ro b a b ly  o c c u r s  v ia  
a  s e r i e s  o f  n u c l e o p h i l i c  r e a c t i o n s .  The c r o s s  l i n k i n g  m echanism  
p o s t u l a t e d  i n  Scheme X I I I  i s  c o n s i s t e n t  w i th  t h e  e x p e r im e n ta l  ob ­
s e r v a t i o n  t h a t  d i - t . - b u t y l c a r b o n a t e  and  J : - b u ta n o l  a r e  b y - p r o d u c t s  
o f  t h e  r e ’a c t i o n .  The d i t h i o c a r b o n a t e  s t r u c t u r e  (8 0 ) h as  a h i g h e r  
s u l f u r  c o m p o s i t io n  th a n  th e  S - a l k y l - O - t . - b u t y l t h i o c a r b o n a t e  
s u b s t i t u e n t s  w h ich  would a c c o u n t  f o r  th e  h ig h  s u l f u r  c o n t e n t  o f  
t h e  s u b s t i t u t e d  p o ly m e rs .  However p r e c i s e  e l u c i d a t i o n  o f  t h e  
c r o s s l i n k  s t r u c t u r e  w i l l  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n .
TABLE 12
SUBSTITUTION EFFICIENCY
S u b s t r a t e    P r o d u c t
S t r u c t u r e  I n i t i a l  Cl Cl E x te n t  o f  S C o n te n t ,
  C o n te n t  C o n te n t   S u b s t ,_______ Found_______ C a lcd .
2 1 ' 1+6 1 ,1 7  9 2  1 1 ,6 5 1 2 .1 7
'CH2 - C H ~  5 6 .6 9  1 3 .9 5  5 4 .6  1 8 .9 6  2 0 .0
6l
*CH2 - C H - 0 ~  3 8 .2 4  2 .0 2  95 2 3 . 6 5  1 6 .8 4
CH2C1
ch 2 - c h - o ~  2 5 . 1 8  7 . 2 3  6 7 . 6  1 4 .2 0  1 3 . 4 2
CH2 C1
Copolymer w i th  
s t y r e n e  o x id e
90
C M ” '
3000 2000 1500 1000 800 700
l-J— I— i------L l U .  l J  . i— i i t _L  . 1 i I . I
F i g u r e  1 3 :
I n f r a r e d  s p e c t r a  o f  S - v i n y l . b e n z y l - 0 - . t - b u t y l t h i o c a r b o n a t e  d e r i v a t i v e s .  
A, i r  o f  B, i r  o f  C,  i r  o f  70,
91
CM
3000 2000 1500 1000 800 700
F i g u r e  Ik:
I n f r a r e d  s p e c t r a  o f  FVC d e r i v a t i v e  ( ^ )  com pared w i th  p o l y ( S - v i n y l  
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I t  i s  p o s s i b l e  t o  r e d u c e  th e  e x t e n t  o£ c r o s s l i n k  fo rm a t io n  
by u s in g  low er  m ole  r a t i o s  o f  B e n d e r 's  s a l t s  to  r e a c t i v e  f u n c t i o n a l  
g ro u p s  i n  t h e  s u b s t i t u t i o n  r e a c t i o n s .  S in c e  q u a n t i t a t i v e  c o n v e r ­
s i o n  i s  im p o s s ib l e  u n d e r  t h e s e  c o n d i t i o n s  t h e  r e s u l t a n t  copo lym ers  
s t i l l  c o n t a i n  a c t i v e  f u n c t i o n a l  g roups  w h ich  w i l l  r e a c t  w i th  
s u l f h y d r y l  s u b s t i t u e n t s  a s  soon  a s  th e y  a r e  l i b e r a t e d .  Thus 
p o ly m e rc a p ta n s  d e r i v e d  from f l e x i b l e  s u b s t r a t e s  w i l l  b e  c r o s s  l i n k e d  
i n e v i t a b l y  and  h ig h  f r e e  m e rc a p ta n  c o n t e n t s  can n o t  be a t t a i n e d  
w i th  t h i s  t e c h n iq u e .
Therm al A n a l y s i s  o f  P o lv m e rc a p ta n  P r e c u r s o r s . The e x t e n t  
o f  0 - _ t - b u t y l t h i o c a r b o n a t e  s u b s t i t u t i o n  and  th e r m o ly s i s  e f f i c i e n c y
c o u ld  be d e te rm in e d  q u a n t i t a t i v e l y  by  th e rm a l  g r a v i m e t r i c  
a n a l y s i s  as  shown i n  T a b le  13* D i f f e r e n t i a l  t h e rm a l  a n a l y s i s  
(d x a )  r e v e a l s  t h a t  t h e  d e b lo c k in g  p r o c e s s  b e g in s  a ro u n d  2 0 0 °  
f o r  a l l  o f  th e  p o ly m e r ic  d e r i v a t i v e s  ( F ig u r e  15, 16 , and 1 7 ) .  T h is  
i s  c o n s i s t e n t  w i th  th e  i s o t h e r m a l  TGA k i n e t i c  a n a l y s i s  o f  t h e  
t h e r m o ly s i s  o f  p o l y ( s - v i n y l - 0 - . t - b u t y l t h i o c a r b o n a t e  ( ^ l )  i n  th e  
ra n g e  from  1 7 0 -2 5 0 °  (T a b le  16 and F ig u r e  8 ) .
Mass s p e c t r a l  a n a l y s i s  o f  t h e  gas  m ix tu r e  e v o lv e d  f o r  
a l l  th e  p o ly m e r ic  d e r i v a t i v e s  showed t h a t  i t  was composed 
o f  COs and i s o b u t y l e n e  o n ly .  The d e b lo c k in g  r e a c t i o n  
i s  e s s e n t i a l l y  q u a n t i t a t i v e  f o r  p o lym er s u b s t r a t e s  c o n ­
t a i n i n g  o n ly  0 - _ t - b u t y l t h i o c a r b o n a t e  s u b s t i t u e n t s .  T h is  f a c t  
c o u p le d  w i th  t h e  low c h l o r i n e  c o n t e n t  o f  po lym ers  ( j 6 ) > ( j j J  > (%%) > 
g i v e s  some i n s i g h t  i n t o  t h e  n a t u r e  o f  th e  c r o s s  l i n k i n g  r e a c t i o n .  
C h lo ro m e th y la te d  p o l y s t y r e n e ,  a l t h o u g h  s l i g h t l y  c r o s s l i n k e d ,  has  
u n d e rg o n e  th e  e x p e c te d  s u b s t i t u t i o n  r e a c t i o n  s i n c e  t h e  c h lo ro m e th y l  
g ro u p s  a r e  p r a c t i c a l l y  i s o l a t e d  from  each  o t h e r .  However, t h e  
m ore f l e x i b l e  po lym ers  w i th  n e i g h b o r i n g  c h l o r i d e  l e a v in g  g ro u p s  
a p p e a r  to  h av e  i n c o r p o r a t e d  c y c l i c  f u n c t i o n a l  g r o u p s .  Thus, 
po lym ers  JJj, jQ j  an d  e x h i b i t  a  s m a l l e r  b r e a k  th a n  e x p e c te d  
a t  2 0 2 °  and  c o n t i n u e  to  d e g ra d e  s lo w ly  from  2 5 0 -k 7 5 °  ( F ig u r e  I 5 
and  1 6 ) .  The c y c l i c  s t r u c t u r e s  a r e  more s t a b l e  t o  t h e r m o l y s i s  
an d  do n o t  a p p e a r  t o  d e g ra d e  to  p o ly m e r c a p ta n s .
TABLE l*j 
THERMOLYSIS EFFICIENCY
EL 1)S u b s t r a t e  Decomp. W eigh t C a lc d .w t  C a lcd .S H
X- ^ . - ° G  l o s s . ^ i  l o s s . ^  c o n t e n t . 1̂
PoV /( S - v in y l - 0 - _ t -  
i i i t v l  t h i o c a r b o n a t e )
2 1 5 6 2 .6 0 6 2 .5 1 0 0
P o l y ( S - v i n y l - 0 - J > a m y l
t h i o c a r b o n a t e
2 2 2 6 ^ .6 0 6 5 .5 1 9 3 . 6
P o l y ( v i n y l b e n z y l
t h i o c a r b o n a t e )
2 2 2 3 5 .5 4 0 . 0 8 9
Ch1o ro m e th y 1a t e d  
p o l y s t y r e n e
2 2 3 3 5 .2 3 3 8 .0 2 9 2 . 5
P o l y ( v i n y l  c h l o r i d e ) 2 0 2 1 9 .5 ^ 7 . 1 7 h i . 3
H e rc h lo r*  H 21k 2 0 . 0 5 1 . 5 3 9 . o
H e r c h lo r - C 2 2 0 ^ .0 7 3 2 .6 9 12. k
a„ Based u p o n  t h e  r e s i d u a l  c h l o r i n e  c o n t e n t ,
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F ig u r e  15:
TGA. and  DTA o f  H e rc lo r -H  and d e r i v a t i v e  £ j \  A , TGA o f  H e r c io r - H .  
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F i g u r e  1 6 :
T h e r m o g r a v i m e t r i c  a n a l y s i s  o f  p o l y t h i o c a r b o n a t e s :  A , TGA o f  p o l y v i n y l
c h l o r i d e  (P V C ); B , TGA o f  t h i o c a r b o n a t e  d e r i v a t i v e  p r e p a r e d  f ro m  PVC; 
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F ig u r e  17a:
TGA. o f  p o l y s t y r e n e  ( a ) , compared w i th  d e r i v a t i v e  j 6 ( b )  and p o l y ( s -  
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F ig u r e  17b:
DTA (a ) and TGA (b ) o f  t h i o c a r b o n a t e  d e r i v a t i v e  (^ 5 )  p r e p a r e d  f ro m  
c h lo r o m e th y l a t e d  p o l y s t y r e n e .
EXPERIMENTAL
A l l  b o i l i n g  p o i n t s  and  m e l t i n g  p o i n t s  a r e  u n c o r r e c t e d .  
E le m e n ta l  a n a l y s e s  w ere  p e r fo rm e d  by  G a l b r a i t h  L a b o r a t o r i e s ,  Knox­
v i l l e ,  T e n n e s s e e ,  o r  by Mr. R alph  S eab ,  L o u i s i a n a  S t a t e  U n i v e r s i t y -  
B a to n  Rouge. I n f r a r e d  s p e c t r a  w ere  o b ta in e d  on a P e rk in -E lm e r  
157 s p e c t r o m e t e r .  Nmr s p e c t r a  o f  CDCI3 , CCl^., C l2 C=CCl2  o r  DaO 
s o l u t i o n s  w ere  r e c o r d e d  on a V a r ia n  A s s o c i a t e s  HA-60 o r  HA-100 
s p e c t r o m e t e r ;  a l l  c h e m ic a l  s h i f t s  a r e  g iv e n  r e l a t i v e  t o  i n t e r n a l  
t e t r a m e t h y l s i l a n e  (TMS) r e f e r e n c e  (m inus i n d i c a t e s  d o w n f ie ld )  o r  
DHO (6  = 4 . 6 l )  i n  D^O. L a s e r  Raman s p e c t r a  w ere  r e c o r d e d  on a 
JEOL S p e c t ro p h o to m e te r  e q u ip p e d  w i th  an  Argon l a s e r  u s in g  an  e x ­
c i t a t i o n  w a v e le n g th  o f  lj-880 A o r  51^5 A- T herm al a n a l y s e s  w ere  
c o n d u c te d  w i t h  a  D uPont 900 d i f f e r e n t i a l  t h e rm a l  a n a l y s e r  (DTA) 
e q u ip p e d  w i th  a  950 th e rm a l  g r a v i m e t r i c  a n a l y s e r  (TGA) a t t a c h m e n t .  
Mass s p e c t r a  w ere  o b t a i n e d  on a  V a r ia n  A s s o c i a t e  M 66 i n s t r u m e n t  by 
C h e ry l  W hite  and  a H i t a c h i  P e rk in -E lm e r  Model RMS-ij- Mass S p e c t r o ­
m e te r  w i th  i o n i z a t i o n  e n e rg y  o f  7 0  eV by P a u la  B. W a t t s .  The 
i n t r i n s i c  v i s c o s i t i e s  o f  t h e  po lym ers  w ere  m e a su re d  i n  THF ( c o n ­
c e n t r a t i o n  = 0 .2 5 s /2 5 m l  THF) a t  JO0 u s in g  Cannon-U bbelohde 
v i s c o m e t e r .  I n t r i n s i c  v i s c o s i t i e s  w ere  d e te rm in e d  by e x t r a p o l a t i o n  
o f  s p e c i f i c  v i s c o s i t i e s  (T[sp) to  i n f i n i t e  d i l u t i o n .  The m o l e c u la r
w e ig h t  d i s t r i b u t i o n s  w ere  o b t a i n e d  on  a  W aters  A s s o c i a t e s  Model 200 
G e l - P e r m e a t io n  C hrom atograph  (GPC) e q u ip p e d  w i th  a u to m a t i c  i n j e c ­
t i o n  and  c o l l e c t i o n  u n i t .  A 0 .1 2 5 $  s o l u t i o n  (10  m l) i n  THF o f  each  
o f  t h e  polym er sam p les  was p r e p a r e d .  A com pute r  p rogram  ( s e e  
A ppendix  I  and  I I )  was u s e d  to  c a l c u l a t e  th e  w e ig h t  a v e ra g e  m o lecu ­
l a r  w e ig h t  (M ) ,  number a v e r a g e  m o l e c u l a r  w e ig h t  (M ) ,  and t h e  w n
m o le c u la r  w e ig h t  d i s t r i b u t i o n  (MWD “  M^/M^). N um ber-average  
m o l e c u la r  w e ig h t s  w ere  d e te rm in e d  i n  t o l u e n e  a t  3 0 °  by  u s in g  SS-08 
membranes i n  a H e w le t t -P a c k a rd  $01  H igh Speed Membrane Osmometer.
A .  R e a g e n t s  a n d  M a t e r i a l s
E th y le n e  s u l f i d e  may be p u rc h a s e d  o r  s y n t h e s i z e d  from c y c l i c  
e t h y l e n e  c a r b o n a t e  and p o ta s s iu m  t h i o c y a n a t e  a c c o r d in g  to  t h e  p r o ­
c e d u re  o f  S e a r l e s  and  L u tz .79 Phosgene was p u rc h a s e d  from  M atheson  
and  was u se d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  t . -B u ty l  a l c o h o l  and  _t- 
am yl a l c o h o l  w ere  d i s t i l l e d  from  CaHg and  s t o r e d  o v e r  L in d a  ^-A 
m o l e c u l a r  s i e v e s .  T e t r a h y d r o f u r a n  (THF) was p a s s e d  th ro u g h  a  column 
o f  b a s i c  a lu m in a  t o  remove p e r o x i d e s ,  d r i e d  by d i s t i l l a t i o n  from 
CaH2  and s t o r e d  o v e r  m o l e c u l a r  s i e v e s .  A z o b i s i s o b u t y r o n i t r i l e  
(AIBN) was r e c r y s t a l l i z e d  from  m e th a n o l  (mp 102-103°  d e c o m p .) .  
D im e th y lfo ra m id e  (DMF) was d i s t i l l e d  u n d e r  red u c e d  p r e s s u r e .  Commer­
c i a l l y  a v a i l a b l e  c a rb o n y l  s u l f i d e  was u s e d  w i th o u t  f u r t h e r  p u r i f i c a ­
t i o n .  A s o l u t i o n  ( 1 -3  m o la r )  o f  sodium  2 - m e t h y l - 2 - b u to x i d e  can  
be  p r e p a r e d  by r e f l u x i n g  a s o l u t i o n  o f  t.-am yl a l c o h o l  i n  b e n z e n e ,
t o l u e n e ,  x y l e n e  o r  THF w i t h  e x c e s s  sodium  w i r e  o r  r ib b o n  u n d e r  
n i t r o g e n  u n t i l  e v o l u t i o n  o f  hyd rogen  c e a s e s .  V in y lb e n z y l  c h l o r i d e  
( a  6 0 :^ 0  m i x tu r e  o f  m e ta  and  p a ra  i s o m e r )  was o b t a i n e d  from  Dow 
Chem ical Company.
B. P r e p a r a t i o n  o f  M o n o m e rs  a n d  M o d e l  C o m p o u n d s
1. S - ( f t - C h l o r o e t h v l ) c h l o r o t h i o f o r m a t e  -  The p ro c e d u re  o f  
R in g s d o r f  and  O v e rb e rg e r 3 4  was. m o d i f i e d .  A l jI f o u r - n e c k e d  round  
b o tto m  f l a s k  was f i t t e d  w i th  a th e rm o m e te r ,  a m e c h a n ic a l  s t i r r e r ,  
a  s i n t e r e d  g l a s s  g as  i n l e t  tu b e  and  a Dewer c o n d e n s e r  c o o le d  w i th  
d r y  i c e  a c e t o n e .  The e x i t  g a s e s  w ere  v e n te d  th ro u g h  a  CaCla d r y ­
in g  tu b e ,  a n  empty t r a p  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  o f  c a u s t i c  
s o l u t i o n  s u c k in g  b a c k  i n t o  th e  r e a c t i o n  v e s s e l ,  o v e r  a s o l u t i o n  
o f  10$ NaOH s t i r r e d  i n  1000 ml f i l t e r  f l a s k ,  th ro u g h  a s o l u t i o n  
o f  10$ NaOH and  f i n a l l y  w ashed down th e  d r a i n  i n  a  good h o o d . The 
f l a s k  was c h a rg e d  w i t h  2 7 2  g (2 . 7  m ol)  o f  p h osgene  and c a t a l y t i c  
am ounts o f  p y r i d i n e  ( 0 .5  t o  1 .0  m l ) ,  c o o le d  to  - 1 0 °  and  s t i r r i n g  
was i n i t i a t e d .  E t h y le n e  s u l f i d e  150 g ( 2 .5  m o l) ,  was added  d r o p -  
w is e  w h i l e  th e  t e m p e r a t u r e  was m a in t a i n e d  b e tw een  - 10°  and  - 5 °  
f o r  k h r s .  The s o l u t i o n  was warmed c a r e f u l l y  t o  room te m p e r a tu r e  
and  a l lo w e d  t o  r e a c t  f o r  a n  a d d i t i o n a l  1© h r s .  The e x c e s s  phosgene  
was blown o u t  o f  th e  r e a c t i o n  m i x tu r e  w i th  a  n i t r o g e n  p u rg e  and  th e  
r e s i d u e  was vacuum d i s t i l l e d  to  y i e l d  2 5 1 -5  g ( 6k$) o f  S - ( ^ - c h l o r o -  
e t h y l ) c h l o r o t h i o f o r m a t e  (g& ), bp 6 0 - 6 2 °  ( 2  mm); l i t . 3 4  bp 6 7 . 5 °
(5mm), and  1 6 .3  g (3 $) o f  S , S / - b l s ( j 5 - c h l o r o e t h y l ) d i t h i o c a r b o n a t e ,  
bp 124-126°  (2  mm). S p e c t r o s c o p i c  d a t a  f o r  28 a r e  a s  f o l l o w s :
'"V '-J
Nmr ( C D C l a ^ b m g  3 - 5 2  (Aa B2  m, 4 ,  S - O H g - C T g - C l ) ; i r  ( n e a t ) 1 Js  v c n r i  
1 7 6 0 s  ( C = 0 ) ,  1 4 3 0 s  f - O f e - O ) ,  1 4 00m , 139 0 m , 1 2 9 0 m ,  1 2 7 0 s ,  ( C J f e - C l  
w a g ) ,  1 2 2 0 s .  ( - S - C H 2  w a g ) ,  1 1 3 0 w ,  1 0 2 0 w ,  9 3 2 w , 8 1 8 - 8 7 0 s b  ( c - C l )
750w and 704^1 (C -C -G l) ,  675iL> ( G-S) ;  l a s e r  Raman sp e c tru m 114 (Ar 
4 8 8 0  A) AvCm- !  2945s and  2925s ( c - H ) ,  1756w (C=0), 1437-5w, 12g4m 
(C-C r . k . ) ,  1194w  and 1 1 3 7 .5 s  ( C - 0 ) ,  1031w (c-0-C), 93 lw, 837w 
(C-C v a l . ) ,  7 3 2 s  (C-0 w a g . ) ,  643-5  (C -S ) ,  5 7 5  vs  ( C - C l ) ,  4 2 5 s ,
3 l8 .5 w ,  277w, 225s..
A n a l . C alcd  f o r  C3H4 0 SC12 : C, 2 2 .6 4 ;  H, 2 -5 1 ;  S, 2 0 .1 2 ;
c i ,  44.65.
Found: C, 2 2 .8 3 ;  H, 2 . 7 0 ;  S, 2 0 .1 8 ;  C l,  4 4 . 5 8 .
The p r o d u c t  2 ^  may b e  s t o r e d  i n  a  brow n, g l a s s  s to p p e r e d  f l a s k  
i n  a f r e e z e r  f o r  a t  l e a s t  one y e a r  w i t h o u t  s i g n i f i c a n t  l o s s  o f  r e a c ­
t i v i t y .  B o th  p r o d u c t s  and r e a c t a n t s  a r e  e x t r e m e ly  t o x i c .  I n  a d d i t i o n ,  
S - ( j 3 ~ c h l o r o e t h y l ) c h l o r o t h i o f o r m a t e  i s  an  i n c i d i o u s  l a c h r y m a t o r  and 
s k i n  i r r i t a n t .  T h e r e f o r e  i t  i s  a d v i s a b l e  to  w e a r  a t i g h t l y  b u t to n e d  
l a b  c o a t  and  two p a i r s  o f  s t u r d y  r u b b e r  g lo v e s  (n e o p re n e  ty p e )  and 
a n  oxygen mask s h o u ld  be a v a i l a b l e  a t  a l l  t im e  d u r in g  t h e  p r e p a r a t i o n  
o f  t h e s e  compounds. S in c e  i t  i s  im p o s s ib l e  t o  q u a n t i t a t i v e l y  r e ­
move th e  e x c e s s  phosgene  ny s p a r g i n g ,  t h e  vacuum pump s h o u ld  be 
p r o t e c t e d  w i th  K0H t r a p s  and  v e n te d  i n t o  a good hood . The c ru d e  
p r o d u c t  s h o u ld  be  i s o l a t e d  by f l a s h  d i s t i l l a t i o n  o f  t h e  r e s i d u e  t o  
m in im iz e  d e c o m p o s i t io n  c a t a l y s e d  by  h ig h  b o i l i n g  b y - p r o d u c t s .
S u b s e q u e n t  f r a c t i o n a l  d i s t i l l a t i o n  th ro u g h  a 1 2 - in c h  V ig re a u x  
column i s  s u f f i c i e n t  t o  s e p a r a t e d  2 8  ̂ f rom  th e  m a jo r  b y - p r o d u c t ,
S „S ' -b i s ( f l - c h l o r o e th y 1 ) d i t h i o c a r b o n a t e . 3 4  Removal o f  t h i s  b y ­
p r o d u c t  i s  e s s e n t i a l  b e c a u s e  i t  w i l l  y i e l d  S , S ' - d i v i n y l t h i o c a r b o -  
n a t e  upon t r e a t m e n t  w i th  p o ta s s iu m  _ t -b u to x id e .  The d i v i n y l  monomer 
i s  d i f f i c u l t  to  s e p a r a t e  from  S - v i n y l - O - . t - b u t y l t h i o c a r b o n a t e  and 
a c t s  a s  a c r o s s  l i n k i n g  a g e n t  i n  th e  p o l y m e r i z a t i o n  s t e p .
2 . P i - t . - b u t y l c a r b o n a t e ( 5 3 .) “ A s o l u t i o n  o f  p o ta s s iu m  t.- 
b u to x i d e  was p r e p a r e d  by r e f l u x i n g  5 0 0  ml an h y d ro u s  t . - b u ta n o l  
o v e r  3 9 * 1  S ( l  g -a to m )  o f  p o ta s s iu m  m e t a l  a t  T0 °, c o o l in g  t h e  m ix ­
t u r e  to  room te m p e r a t u r e ,  and  a d d in g  200 ml anhy d ro u s  THF. A f t e r  
c o o l in g  t h e  s o l u t i o n  to  - 3 O0, i t  was s lo w ly  added  t o  4 4 .5  g ( 0 .5  m ol) 
phosgene  (p h o sg en e  was co n d en sed  and w e ig h e d  i n  a  ro u n d  b o t to m  
f l a s k  a t  -7 8 ° ) .  The r e a c t i o n  was e x t r e m e ly  e x o th e rm ic ,  so  c a r e  
m us t b e  t a k e n  d u r in g  t h e  a d d i t i o n .  A w h i t e  p r e c i p i t a t e  form ed 
im m e d ia te ly  a f t e r  a d d i t i o n  o f  p h o sg en e .  The m ix tu r e  was a l lo w e d  
t o  warm t o  room te m p e r a tu r e  and  s t i r r e d  f o r  12  h o u r s  and f i n a l l y  
h e a t e d  t o  6 5 °  f o r  3 0  niin t o  d r i v e  o f f  r e s i d u a l  p h o sg en e .  The 
s o l u t i o n  was p o u red  i n t o  5 l i t e r s  o f  i c e  w a te r  m i x tu r e  and  t h e  
c r y s t a l l i n e  m a t e r i a l  w h ich  s e p a r a t e d  was i s o l a t e d ,  w ashed t h r e e  
t im e s  w i t h  i c e - w a t e r  and d i s t i l l e d  i n  v a cu o  (bp 157*5°)* T h ree  
r e c r y s t a l l i z a t i o n s  o f  t h e  d i s t i l l a t e  from  9 5 $  e t h a n o l  gav e  f l a k y ,  
w h i t e  c r y s t a l s  o f  J5£ w hich  w ere  f u r t h e r  p u r i f i e d  by  s u b l i m a t i o n .
The y i e l d  o f  s u b l im e d  c r y s t a l s  was 3 6  g (4 -1 .4$ ) ,  mp 4 0 ° ,  l i t .80
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7 . 2 9  ( s ,  5 ,  b ) ;  4 .0 5  ( s , 2 ,  c ) ;  1 .47  ( s ,  9, a ) .




3 .3 8  (A£B£m, 4 ,  b ) ;  I . 5 0  ( s ,  9, a ) .




1 .45  ( s ,  1 8 , a ) .
5 1 C l ( C I ^ ) 2 “ S -b
-CH2 CH3 
c d
3 . 3 8  (AsBsm, 4 ,  b ) ;  1 .8 1  (q ,  2 ,  Jb c = 7 -5  Hz, c ) j  
1 .47  ( s ,  6 , a ) ;  0 .9 1  ( t , 3> jicb-  7*5 Hz, d ) .




1 .72  (q ,  2 ,  J b c= 7 .5  Hz, b ) ;  1 .43  ( s ,  6 , a ) ;  
O. 9 0  ( t ,  3> J b c = 7*5 Hz, c ) .
* s ,  d ,  t ,  q ,  and m r e p r e s e n t  s i n g l e t ,  d o u b le t ,  t r i p l e t ,  q u a r t e t ,  and m u l t i p l e t  r e s p e c t i v e l y .
mP 39*5"^0*5°*  The nmr, i r ,  and  l a s e r  Raman s p e c t r a  a r c  r e p o r t e d  
i n  T a b le s  lit-, 2 ,  and  3> r e s p e c t i v e l y .
A n a l . C a lcd  f o r  C9Hxe 0 3 : C, 6 2 .0 7 ;  H, 1 0 .3 3 -
Found: C, 6 1 .8 9 ;  H, IO .3 3 .
3 -  P o ta s s iu m  0 - t - B u t y I t h i o c a r b o n a t e  ( 6 l )  - A 1.5 M
s o l u t i o n  o f  p o ta s s iu m  t . - b u to x id e  was p r e p a r e d  by  d i s s o l v i n g  2 9 * 8  g 
( 0 .7 6 2  g -a to m ) o f  p o ta s s iu m  i n  500  ml o f  a n h y d ro u s  t . - b u ta n o l .  The 
s o l u t i o n  was d i l u t e d  w i th  300  ml DMF and 100 ml THF, co o le d  t o  ~ 5° ,  
and 6 0  g ( l  m ol) o f  c a rb o n y l  s u l f i d e  was b u b b le d  s lo w ly  i n t o  t h e  
v i g o r o u s l y  s t i r r e d  m i x tu r e .  A w h i t e  p r e c i p i t a t e  began  to  form 
im m e d ia te ly .  The s l u r r y  was a l lo w e d  to  warm t o  room te m p e r a t u r e ,  
s t i r r e d  f o r  2 h r  and th e n  p o u red  i n t o  1 I  o f  e t h e r .  The p r e c i p i ­
t a t e  was i s o l a t e d  and d r i e d  u n d e r  vacuum a t  3 0 °  f o r  h8  h r .  A 
t o t a l  o f  1 1 0  g ( 8 h $ )  o f  6 1 ,̂ d e c .  tem p. 2 3 5 °  ( w t .  l o s s  kk-io) was o b ­
t a i n e d .  Nmr (Ds 0 )  6 dho (4 .6L 6) 1*38 Cs, -C(CH3 ) 3 ] ;  i r  and l a s e r  
Raman s p e c t r a  ( s e e  T a b le s  2 and  3 ) .
A n a l . C a lcd  f o r  C5H902 SK: C, 3 ^ .8 ;  H, 5 - 2 ;  S, 1 8 .6 .
Found: C, 32*8 ; H, 5 - ^ j  S, 18.91*
h .  P o ta s s iu m  0 - ( 2 - M e t h v l - 2 - b u t y l ) t h i o c a r b o n a t e  (6 2 ) was~~ . . .  - n- - _  „
s y n t h e s i z e d  i n  a  s i m i l a r  m anner by b u b b l in g  c a r b o n y l  s u l f i d e  i n t o  
a  DMF/THF s o l u t i o n  o f  p o ta s s iu m  2 - m e t h y l - 2 - b u ta n o x id e  a t  - 5 0 . A 
y i e l d  o f  8 0 -8 5 $  o f  62  w i th  d e c .  temp. 2 2 5 °  (w t.  l o s s  5^ . 8 $) was
r v s i
o b t a i n e d .  Nmr (d £ 0) fiDH0 O.9 2  ( t ,  3 , = 7 . 5  Hz, GH*,a -CHgb - ) .
1 .3 9  ( s ,  6 , GHq-C-CHn). 1 .8 0  ( q ,  2 ,  = 7 * 5  Hz, C H ^ - C H ^ - ):
l a s e r  Raman s p e c t ru m  ( f l u o r e s c e n c e )  Av -1  2937.5~2987g, (C-H),
106
I 5 8 3 W (C -0 ) ,  1450s, (CH3  asym . d e f . ) ,  831-5m  (C-C v a l . ) ,  727*5s,
(C -0  w a g . ) ,  5 4 2 .5 s .  [g^C=0, o u t  o f  p la n e  s k e l e t a l  d e f .  o r  C-S"|; 
i r  (KBr d i s k ) ,  s e e  T a b le  2 .
A n a l . C a lcd  f o r  C s H n 0 2 SK: C, 3 8 . 7 ; H, 5 . 9 ; S , I7 . I 7 .
Found: C, 3 5 .7 3 ;  H, 5 . 4 2 ;  S, I 6 . 5 O.
5 . P o ta s s iu m  0 - ( 2 - P h e n v l - 2 - p r o D v l ) t h i o c a r b o n a t e  ( 6 0  was 
s y n t h e s i z e d  by b u b b l in g  c a r b o n y l  s u l f i d e  i n t o  a DMF/THF s o l u t i o n  o f  
p o ta s s iu m  2 - p h e n y l - 2 - p ro p a n o x id e  a t  - 5 0 ; 8 0 $  o f  6^  w i t h  d e c .  tem p.
195° (w t .  l o s s  5 5 -8 $ )  was o b t a i n e d .  Nmr (Da 0) 6dho  1 .6 8  ( s ,  6 ,
t
CH3 -C-CH3 ) ,  7 -3 8  ( s ,  5 ,  CrtHd- C - ) : i r  (KBr d i s k ) ,  s e e  T a b le  2 ..
I
A n a l . C a lcd  f o r  C ioH nO a SK: C, 5 2 . 1 ;  H, 5 . 2 1 ;  S, 13 . 6 5 .
Found: C, 4 4 -3 4 ;  H, 4 . 3 3 ;  S ,  1 3 .4 6 .
6 . S - E t h y l - Q - t - b u t y l t h i o c a r b o n a t e  (6 7 )  was p r e p a r e d  by 
s t i r r i n g  1 6 .3  g ( 0 .1 5  m ol) o f  e t h y l  b ro m id e  w i th  1 4 .3 1  g ( 0 ,0 8 3  m o l)  
o f  <̂ L i n  100 m l o f  a n h y d ro u s  THF f o r  6  h r .  a t  4 5 ° .  A f t e r  rem oving  
th e  KBr by c e n t r i f u g a t i o n ,  t h e  s o l v e n t  was e v a p o r a te d  u n d e r  r e d u c e d  
p r e s s u r e .  F r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  r e s i d u e  a f f o r d e d  1 0 .8  g 
(80$) o f  6 £  bp 3 9 -4 0 °  (4 mm); nmr (CDC13 ) , s e e  T a b le  14 ;  i r  
( n e a t )  , s e e  T a b le  2 ; l a s e r  Baman s p e c t r u m  (Ar 4 8 8 0  jl l a s e r )  ,
s e e  T a b le  3-
A n a l . C a lcd  f o r  Ct-Hi4 02 S: C, 5 1 - 8 ;  H, 8 . 6 5 ; S , I 9 . 7 6 .
Found: C, 5 2 .0 8 ;  H, 8 . 4 1 ;  S , 1 8 . 9 8 .
7 -  5 - B e n z y l - 0 - t ^ - b u t y l t h i o c a r b o n a t e  ( 7 0 ) -  To a  I .7 6  g
(O .O l m ol) o f  p o ta s s iu m  0 - t , - b u t y l t h i o c a r b o n a t e  i n  2 0  m l o f  a n h y d ro u s  
THF was added  1-52 g (0 .0 1 2  m ol)  o f  b e n z y l  c h l o r i d e .  The m ix tu r e
10T
was s t i r r e d  a t  4 5 °  f o r  24 h r . ,  and  KC1 removed by c e n t r i f u g a t i o n .
The s o l v e n t  was e v a p o r a te d  u n d e r  r e d u c e d  p r e s s u r e ;  f r a c t i o n a l  
d i s t i l l a t i o n  o f  t h e  r e s i d u e  a f f o r d e d  1-5 g ( 6 3 . 5 $ ) *  o f  S -b e n z y l -O -  
t , - b u t y l t h i o c a r b o n a t e  QjO), bp  105° ( 0 .5  mm); nmr (CDC13 ) ,  s e e  
T a b le  14 ;  i r  ( n e a t ) ,  s e e  T a b le  2 ; l a s e r  Raman s p e c t ru m  (A r 
4880  A l a s e r ) ,  s e e  T a b le  3 .
A n a l . C alcd  f o r  Ci a H i602 S: C, 6 4 .3 ;  H, 7 - 1 5 ;  S, 14-3- 
Found: C, 6 4 .  51 ;  H, 7 - 2 3 ;  S, 14 .5 7 -
8 . S -  ( g - C h lo r o e t h y l )  - 0 - jt-am yl t h i o c a r b o n a t e  (jTT.) -  A
m i x tu r e  o f  93  g ( 0 -5  m ol) o f  p o ta s s iu m  0 - , t - a m y l th io c a r b o n a t e  i n  
400  ml o f  THF and  200 m l o f  _ t -b u ta n o l  was c o o le d  to  - 1 0 ° ,  and  8 6  g 
( 0 . 6  m ol) o f  1 ,2 -b ro m o c h lo ro e th a n e  d i l u t e d  w i th  4 0  ml o f  THF was 
added  r a p i d l y .  The m ix tu r e  was s t i r r e d  w h i l e  t h e  t e m p e r a t u r e  was 
m a in ta in e d  b e tw een  - 10°  t o  - 5 0  f o r  6  h r s ,  a l lo w e d  t o  warm to  
room t e m p e r a tu r e  and s t i r r e d  f o r  24 h r s .  The KBr p r e c i p i t a t e  was 
removed by  c e n t r i f u g a t i o n  and t h e  s o l v e n t  m ix tu r e  was e v a p o r a te d  
u n d e r  r e d u c e d  p r e s s u r e .  F r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  r e s i d u e  
y i e l d  % 6 g ( 9 3 $ )  o f  bp 105° (1 0  mm); nmr (C D C 13 ) 6tMS 0 -8 9  
( t ,  3 , -CH2 -C H 3 ) ,  1 .4 2  ( s ,  6 , ( H 3 - C - C H 3 ) ,  1-7 9  (q> 2 ,  -CHs-CH3 ) ,
f
3 . 3 9  (A2 B2 m, 4 ,  - S - C H s - C H g - C l ) ; IR  and l a s e r  Raman s p e c t ru m  a r e  
r e p o r t e d  i n  T a b le s  2  and 3 r e s p e c t i v e l y .
ft
By u s i n g  DMF i n s t e a d  o f  THF a s  s o l v e n t ,  t h e  y i e l d  o f  ^ 0  i n c r e a s e d  
t o  9 8 $-
A n a l . C alcd  f o r  Ce Hi5 0£ SCl: C, ^ 5 - 6 9 ; H, 7 * 1 3 ;  S, 1 5 .2 0 ;
0 , 1 5 .2 0 ;  C l,  I 6 . 8 5 .
Found: c ,  45*68 ; H, 7 . 4 1 ; s ,  1 5 . IO ; 0 , 1 4 .9 8 ;  C l,
16.7 2 .
9. S - ( f f - C h lo r o e t h v l ) - 0 - ( 2 - p h e n y l - 2 - p r o p y l ) t h i o c a r b o n a t e  ( 6b ) 
was p r e p a re d  by  r e a c t i n g  1 1 7 .1  g ( 0 .5  m ol) o f  p o ta s s iu m  0 - ( 2 -p h e n y l -  
2 - p r o p y l ) t h i o c a r b o n a t e  w i th  93*3 S C0 .6 5  mol) o f  1 ,2 -b ro m o c h lo ro -  
e th a n e  i n  600 ml THF and  100 ml b e n z e n e .  The m i x tu r e  was s t i r r e d
a t  - 5 0  f o r  6  h r s ,  th e n  a l lo w e d  t o  warm to  room t e m p e r a t u r e  and 
s t i r r e d  f o r  24 h r s .  The KBr p r e c i p i t a t e  was removed b y  f i l t r a t i o n  
and  t h e  s o l v e n t  was e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  A n a ly s i s  o f  
t h e  r e s i d u e  showed t h a t  87*5$  (<-'113*1 g )  o f  64 was o b t a i n e d ,  nmr
1
(CDCI3 ) 1 .7 2  ( s ,  6 , CH3 -C-CH3 ) ,  3*2 (A£B2 m, 4 ,  - CHjj-CHg»-) ,
7 - 1  ( s ,  5 ,  p h e n y l  g r o u p ) .  F u r t h e r  p u r i f i c a t i o n  o f  t h e  r e s i d u e  was 
n o t  a t t e m p t e d .
10. S - ( j 3 - C h l o r o e t h y l ) - 0 - t - b u t y l t h i o c a r b o n a t e  ( l ? ) - To a 
m ix tu r e  o f  1 7 2 .1  g ( l  m o l)  o f  p o ta s s iu m  0 -_ t -b u ty l  t h i o c a r b o n a t e  (& 0  
i n  500  ral  THF and 200 ml o f  _ t -b u ta n o l  was c o o le d  t o  - 1 0 ° ,  and I75  g 
( l . 2 2  mol) o f  1 ,2 -b r o m o c h lo r o e th a n e  d i l u t e d  w i th  5 ^  ml o f  THF was 
added  r a p i d l y .  The m ix tu r e  was s t i r r e d  a t  - 5 0  f o r  6  h r s ,  a l lo w e d  
t o  warm to  room t e m p e r a tu r e  and  s t i r r e d  f o r  24 h r s .  A f t e r  work 
u p ,  f r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  r e s i d u e  y i e l d e d  184 g (94$ )  o f  
1 £ ,  bp 4 9 °  ( 0 . 5  mm). The nmr, i r ,  and  l a s e r  Raman s p e c t ru m  a r e  
r e p o r t e d  i n  T a b le s  14, 2 , and  3 , r e s p e c t i v e l y .
11. C o n c u r r e n t  E s t e r i f i c a t i o n  -  D e h v d ro h a lo g e n a t io n  o f  
S- ( j f l - C h l o r o e t h v l ) c h l o r o t h i o f o r n i a t e .
( a )  W ith P o ta s s iu m  j : -B u to x id e  - The p ro c e d u re  o f  O v e rb e rg e r  
and D aly41  was m o d i f i e d  t o  im prove  t h e  y i e l d .  A p o ta s s iu m  t_- 
b u t o x i d e  s o l u t i o n  i n  1 :1  . t -b u ta n o l -T H F  was p r e p a r e d  by d i s s o l v i n g  
3 9 * 1  g ( 1 .0  g -a to m )  o f  p o ta s s iu m  m e ta l  i n  5 5 0  ml o f  t^ -b u tan o l  a t  
7 0 °  ( r e f l u x ) ,  c o o l in g  th e  m i x tu r e  to  2 0 ° ,  and  a d d in g  5 5 0  ml o f  
a n h y d ro u s  THF. A 2 - l i t e r  if--necked f l a s k  was eq u ip p e d  w i th  a 
m e c h a n ic a l  s t i r r e r ,  a n i t r o g e n  i n l e t ,  a th e rm o m e te r ,  and  a p r e s s u r e  
e q u a l i z i n g  d ro p p in g  fu n n e l  cap p ed  w i th  a d r y in g  t u b e .  The f l a s k  
was c h a rg e d  w i th  one mole o f  p o ta s s iu m  . t - b u to x id e  d i s s o l v e d  i n  t_- 
b u ta n o l-T H F . The a l c o h o l a t e  s o l u t i o n  was c o o le d  to  - 3 O0  and a 
s o l u t i o n  o f  53 g (O .5 3 3  m ol) S -(j3- c h l o r o e t h y l ) c h l o r o t h i o f o x m a t e  
(2 8 ) i n  200 ml o f  THF i s  added  d ro p w is e  o v e r  a  two h o u r  i n t e r v a l .  
A f t e r  s t i r r i n g  t h e  m ix tu r e  f o r  a n  a d d i t i o n a l  two h o u r s  a t  - 3 O0 , 
t h e  m ix tu r e  was a l lo w e d  to  warm t o  room t e m p e r a t u r e ,  n e u t r a l i z e d  
w i th  g l a c i a l  a c e t i c  a c i d  and w orked  up im m e d ia te ly .  F o l lo w in g  r e ­
moval o f  th e  p o ta s s iu m  c h l o r i d e  by c e n t r i f u g a t i o n ,  t h e  s o l v e n t  was 
e v a p o r a te d  u n d e r  r e d u c e d  p r e s s u r e  from  t h e  c l e a r  s u p e r n a t a n t  s o l u t i o n .  
F r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  o i l y  r e s i d u e  th ro u g h  a  s p in n in g  band 
column a f f o r d e d  52  g (60$) o f  S - v i n y l - 0 - t ; - b u t y l t h i o c a r b o n a t e  ( l 6  ̂
bp 6 0 - 6 l °  (15 mm) l i t 41  bp 6 O .5 - 6 I 0  (1 5  mm). Nmr, i r ,  and  l a s e r  
Raman s p e c t ru m  a r e  r e p o r t e d  i n  T a b le s  15, 2, and  3> r e s p e c t i v e l y .
A n a l . C a lcd  f o r  CVHi2 02 S: C, 5 2 A 7 ;  H, 7 - 5 5 ;  S, 2 0 .0 0 .
Found: C, 5 2 .1 1 ;  H, 7 * ^ 9 ;  S, 19*73*
One o f  t h e  b y - p r o d u c t s  from  t h i s  r e a c t i o n  i s  S - ( j9 - c h lo r o -  
e t h y l ) - 0 - . t - b u t y l t h i o c a r b o n a t e  3 *38 (5$)> bp 120° (9mm),
l i t . 34 bp 4 8 - ^ 9 °  (o.5mm). F o r  nmr, i r ,  an d  l a s e r  Raman s p e c t ru m  
s e e  T a b le s  1*1, 2, and 3» r e s p e c t i v e l y .  The monomer u s u a l l y
c o n t a i n s  a s m a l l  amount o f  d i - , t - b u t y l c a r b o n a t e  ( ^ ) .  w h ich  i s  
d e t e c t a b l e  i n  t h e  nmr a s  a  s i n g l e t  a t  1 .^ 2 6 .  The p u r i t y  o f  1(5 
can  be e s t i m a t e d  by com paring  t h e  r e l a t i v e  i n t e n s i t i e s  o f  t h e  v i n y l  
p r o to n  a b s o r p t i o n  and th e  a b s o r p t i o n s  i n  t h e  m e th y l r e g i o n .  The 
monomer a s s a y e d  r o u t i n e l y  b e tw ee n  93“ 95$ p u r e .
(b )  W ith Sodium 2 - M e th y l - 2 - b u t o x id e  -  The p r o c e d u r e  o f  
O v e rb e rg e r  and  D a ly 41 f o r  t h e  s y n t h e s i s  S - v i n y l - O - t ^ b u t y l t h i o c a r b o -  
n a t e  (lf^) was em ployed  u s i n g  sod ium  2 - m e t h y l - 2 - b u t o x i d e  a s  t h e  
b a s e  and v a r y in g  t h e  r e a c t i o n  c o n d i t i o n s  ( s p e c i f i c  c o n d i t i o n  an d  
y i e l d s  a r e  g iv e n  i n  T ab le  l ) .  P u r i f i c a t i o n  by f r a c t i o n a l  d i s t i l l a ­
t i o n  th ro u g h  a  s p i n n i n g  band colum n a f f o r d e d  th e  f o l l o w i n g  com­
p o n e n ts  :
( i )  S - V i n y l - 0 - _ t - a m y l th io c a r b o n a te  { ^ ) , bp  8 2 - 8 *10 
( l 3  mm); n2 °D 1-*i671; d f 5 mass s p e c t ru m  m /e r e l  i n t e n s i t y )
I7*t- (o .M O  mX Ikk  ( 5 . 3 3 ) (m-2 9 )+ , 131  ( 5 . 2*1-) (M-l,3 )+ , 117 ( 1 0 . 6 6 ) 
(M-5 7 )+ , 8 7  ( 6 0 .MO (M-8 7 ) *  7 1  ( 1 0 0 ) (M-113)+ , 5 9  (7 . 1 1 ) ,  5 5  ( 1 2 . 2 2 ) ,
( 5 1 . 5 5 ) ;  nmr (1 0 0  MHz), s e e  T a b le  1 5 ;  i r  ( n e a t ) ,  s e e  T a b le  2 ;  
l a s e r  Raman s p e c t ru m  (Ar *1-880 A l a s e r ) ,  s e e  T a b le  3*
A n a l . C a lcd  f o r  CQH i40s S: C, 5 5 -1 7 ;  H, 8 .0 6 ;  S, 1 8 . 3 3 .
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17.5 1 0 .0 - 5 .3 8  
(d ,  l )
5-37 
(d, l )
1 .82  ( q ,2 ,  J g f  = 7 .5 H z , e ) ;  
1 .48  ( s , 6 , d ) ;
•0.91 ( t , 3 ,  J f e  = 7 .5 H z ,  f ) .
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1 7 .6 1 0 .0 - 5 .3 9  
(d ,  l )
5 .3 8  
(d ,  l )
1 .5 0  ( s , 9 , d ) .




17 A 1 0 .6 1.5 5 . TO 
( d d , l )
5 .2 0  
( d d , l )
7 .2 8  (m ,4 , d ) ;
4 .0 5  ( s , 2 , e ) ;  
1 .4 6  ( s , 9 , f ) .
1 1
0
- s - c- s - ch=ch£ 6 .8 7
(q> l )
17.3 9 .7 5 .6 0  
(d ,  l )
5 .^ 9  
(d ,  l )
S a m p l e s  r u n  i n  CDCI3 ; TMS a s  i n t e r n a l  s t a n d a r d ;  s  =  s i n g l e t ,  d  = d o u b l e t ,  t  =  t r i p l e t ,  q =  q u a r t e t ,  
m =  m u l t i p l e t .
( i i )  S - ( £ - C h l o r o e t h y l ) - 0 - t , - a m y l t h i o c a r b o n a t e  ( £ £  ) ,  bp 
8 9 - 90°  ( 2 . 8  ram); n2°D 1 .4 7 3 5 ,  d25 l . l l 6 l ;  mass s p e c t ru m  m/e ( r e l
4
i n t e n s i t y )  183  ( 0 .5 3 ) ,  181 ( 2 . 0 ) ,  125 (S -O f ) ,  123 ( l 6 . 4 ) . 7 1  ( 1 0 0 ) ;  
nmr (lOO MHz), i r  ( n e a t ) ,  and  l a s e r  Raman s p e c t ru m  (A r 4880 A l a s e r )  
w ere c o n s i s t e n t  w i th  t h o s e  r e p o r t e d  p r e v i o u s l y .
A n a l . Calcd f o r  Cs H i5 02 SC1: C, 4-5.61; H, 7 . 1 3 ;  S, 1 5 .2 1 ;
c i ,  1 6 .8 5
Found: C, 4 5 . 6 9 ; H, 7 - 2 1 ;  S , 1 5 -2 1 ;  C l,  1 6 .7 2 .
( i i i )  D i- t : - a m y lc a rb o n a te  (j>8 )» bp 8 9 " 9 ° * 2 °  (l5mm); n20D 
1 .41434 ; d2 5  O .9 OI5 3 ; m ass sp e c tru m  m /e  ( r e l  i n t e n s i t y )  7 1  (l-OO)
4
(M-13 l ) + , 55 ( 2 1 . 2 5 ) (m -1 4 7 )+ , 4 3  ( 6 3 . 7 5 ) ,  41  ( 2 3 . 7 5 ) ,  41 ( 2 3 .7 5 ) ,
2 9  ( 2 8 .7 5 ) ;  nmr (lOO MHz) , s e e  T a b le  1 4 ;  i r  ( n e a t )  , s e e  T a b le  2 ; 
l a s e r  Raman (A r 4880 A) , s e e  T ab le  3*
A n a l . Calcd f o r  CnH ppQg: C, 6 5 .4 ;  H, 1 0 .8 8 .
Found: C, 6 4 .8 2 ;  H, 1 0 .7 2 .
S m a l l  amounts o f  S , S / - d i v i n y l d i t h i o c a r b o n a t e  ( l ^ )  and  S , S ' -  
( j 3 ~ c h l o r c e t h y l ) d i t h i o c a r b o n a t e  ( l 4 )  w e re  a l s o  o b t a i n e d  ( s e e  T a b le
“  r y y
1 )-
12. D e h y d r o c h lo r i n a t i o n  o f  S - ( g - C h l o r o e t h y l ) - 0 - t - b u t y l t h i o - 
c a rb o n a te  ( 2 8 ^ ,
M ethod A . -  A l i t h i u m  d i i s o p r o p y l a m i d e  s o l u t i o n  was p r e p a r e d  
by  add ing  32  ml ( 0 .3  m o l)  o f  n-BuLi i n  hexane  t o  2 0 .2  g ( 0 .2  m ol)  
o f  d i i s o p r o p y la m in e  i n  100  m l THF a t  - 3 O0 . The m i x t u r e  was s t i r r e d  
a t  -3 O0  f o r  2 h r s  w h i le  34 g ( 0 . I 7  m ol)  o f  28^ i n  100 ml THF was 
added d r o p w is e .  No p o ta s s iu m  c h l o r i d e  p r e c i p i t a t e  form ed so  10 g
so d iu m  h y d r id e ,  125 nil d i m e t h y l s u l f o x i d e  and  125 ml Jt-BuOH w ere  
a d d e d  to  th e  r e a c t i o n  m i x t u r e .  A f t e r  one h o u r  a t  room te m p e r a tu r e  
t h e  p r e c i p i t a t e  was removed b y  c e n t r i f u g a t i o n  and  th e  s o l v e n t  
e v a p o r a te d  u n d e r  red u ced  p r e s s u r e .  F r a c t i o n a l  d i s t i l l a t i o n  o f  th e  
r e s i d u e  a f f o r d e d  3 g ( l l $ )  o f  S - v i n y l - 0 - t , - b u t y l t h i o c a r b o n a t e .
Method B. - A 2 .2  M s o l u t i o n  o f  p o ta s s iu m  t , - b u to x id e  was 
p r e p a r e d  by d i s s o l v i n g  *1.6 .9 2  g ( l . 2  g -a to m ) o f  p o ta s s iu m  m e t a l  i n  
6 5 O ml o f  an h y d ro u s  _ t-b u ta n o l  a t  J 0 ° ,  c o o l i n g  t h e  m ix tu r e  t o  2 0 ° ,  
and  add ing  ^ 0 0  m l anhydrous  THF. The s o l u t i o n  was c o o le d  t o  -3 0 ° ,  
and  a s o l u t i o n  o f  1J8 g ( 0 . 9 0 6  m ol)  28^ i n  100 ml o f  THF was added 
d r o p w is e .  The m i x tu r e  was s t i r r e d  a t  - 3O0  f o r  3  h r s  a f t e r  a d d i ­
t i o n  was c o m p le te d ,  a l lo w e d  t o  warm to  room te m p e r a tu r e  f o r  1 h r  
an d  th e n  n e u t r a l i z e d  w i th  g l a c i a l  a c e t i c  a c i d .  The p o ta s s iu m  
c h l o r i d e  was rem oved by c e n t r i f u g a t i o n  and  t h e  s o l v e n t  e v a p o r a te d  
i n  v a c u o . D i s t i l l a t i o n  o f  t h e  r e s i d u e  th ro u g h  a 3 0  cm s p i n n i n g  
b an d  column y i e l d e d  S - v i n y l - O - j t - b u t y l t h i o c a r b o n a t e  90  g (6 2 $ ) ,
bp 6 0 - 6 l °  (15 mm). E le m e n ta l  a n a l y s i s  and  s p e c t r o s c o p i c  d a t a  by 
nmr, i r ,  and l a s e r  Raman w ere  c o n s i s t e n t  w i th  t h o s e  p r e v i o u s l y  
r e p o r t e d .
13. S , S / - E th y le n e  B i s ( O - t - b u t y l t h i o c a r b o n a t e )  ( 6 5 ) To a 
s o l u t i o n  o f  5 -5  g (0-03 mol) o f  61^ i n  150 ml DMF was added  1 .5  g 
( 0 .0 1 5  mol) 1 , 2 - d i c h l o r o e t h a n e  d i s s o l v e d  i n  5 0  m l DMF. The m ix tu r e  
was s t i r r e d  a t  5 5 " 5 8 °  f o r  12 h r s .  The KC1 p r e c i p i t a t e  was removed 
by c e n t r i f u g a t i o n  and  th e  f i l t r a t e  was p o u re d  i n t o  6 0 0  m l o f  i c e  
w a t e r  to  y i e l d  4  g ( 9 0 *8 $) o f  6^  a s  a  w h i t e  p r e c i p i t a t e ,  m p ^ ,^  55
8 7 ° ,  227°  ( d e c .  t e m p . ) ;  nmr (CDC1S ) ,  6^  1 .4 9  ( s ,  18 , t - B u ) ,  3 -0 3  
( s ,  - CHp- CHp- ) ;  mass s p e c t ru m  m /e ( r e l  i n t e n s i t y )  294 ( 0 .2 5 )
M* 2 3 8  ( 1 . 7 2 ) (M-5 6 }* 224 ( 0 .1 9 )  (M-7 0 ) *  2 0 9  ( 0 . 1 ) (M-8 5 ) *  194 
( 3 . 4 9 ) (M-lOO)*, 182  ( 1 . 3 5 ) (m-1 1 2 ) s  1 6 0  ( 2 . 7 0 ) (m -1 3 4 )^ ,  1 5 0  
( 5 -7 6 ) ( m - i 4 4 ) s  138  ( I O .3 0 ) (M-1 5 6 ) * ,  12 1  ( 1 6 . 2 4 ) (M-1 7 3 ) *  1 1 6  
( 1 9 . 0 0 ) (M-1 7 8 ) *  103 (3 - 0 0 ) ,  94 ( 1 0 . 6 7 ) ,  92 ( 7 - 5 4 ) ,  75  ( 1 - 5 3 ) ,
7 2  ( 2 .4 2 ) ,  57 (1 0 0 ) ,  41  ( 3 5 - 2 5 ) i  i r  (KBr d i s k ) ,  s e e  T a b le  2 ;  
l a s e r  Raman, s e e  T a b le  3-
A n a l . C alcd  f o r  Ci£Ha2 0 4 S2 : C, 4 8 .9 4 ;  H, 7 - 4 9 ;  S, 2 1 .7 8 .
F o u n d :  C , 4 8 .2 7 ;  H, 7 - 4 ? ;  S ,  2 3 . 5 0 .
14. S - ( g - M e r c a p t o e t h y l ) - Q - . t - b u t y l t h i o c a r b o n a t e  ( 6 6 ) A 100 
ml t h r e e - n e c k e d  round  b o t to m  f l a s k  was f i t t e d  w i th  a  th e rm o m e te r ,  
a  d ro p p in g  f u n n e l ,  a V ig re a u x  column w i t h  a f r a c t i o n a l  d i s t i l l a t i o n  
h ead  and a  r e c e i v e r .  The e x i t  g a s e s  w e re  p assed  th ro u g h  two d r y -  
i c e - a c e t o n e  t r a p s .  The f l a s k  was c h a r g e d  h a l f - f u l l  w i t h  g l a s s  
b ead s  and h e a t e d  on a s a n d  b a th  t o  3 OO-3 2 5 0  u n d e r  7 0 - 8 0  mm, w h i l e  
2 ,3 7  g ( 0 .0 8  m ol)  o f  6 ^  i n  15 ml t e t r a c h l o r o e t h y l e n e  was added  d ro p -  
w i s e .  6 ^  decom posed and  1 g (71$)  o f  6(5 g r a d u a l l y  d i s t i l l e d  i n t o  
t h e  r e c e i v e r ,  bp 2 0 3 °  ( 7 6 0  mm); mass s p e c t ru m  m /e ( r e l  i n t e n s i t y )
193 (O.OOOl), 138 (O.OOT), 121 (0 . 013) ,  94 ( 0 - l 6 ) ,  61  (0 . 12) ,  57 
( l o o ) ,  41  ( 4 3 .6 4 ) ;  i r  ( n e a t )  , s ee  T a b le  2 ; l a s e r  Raman s p e c t ru m  
(A r 4880 A l a s e r )  , s e e  T a b le  3-
A n a l . C alcd  f o r  C7H i4 0 a S2 : C, 4 3 - 3 ;  H, 7 . 2 2 ;  S, 3 3 . 0
Found: C, 4 3 -1 0 ;  H, 7 - 1 5 ;  S , 33-57*
13* S - V i n y l b e n z v l - O - t - b u t v l t h i o c a r b o n a t e  ( 6 9 ) was p r e ­
p a r e d  by s t i r r i n g  1 5 -3  S ( 0 . 1 m ol)  o f  v i n y l b e n z y l  c h l o r i d e  w i th  
1 8 .6  g (O.lOB m ol) o f  p o ta s s iu m  O - j t - b u t y l t h i o c a r b o n a t e  (6 1 )  i n  
200  ml o f  DMF f o r  12 h r  a t  3 0 ° •  C o n v e rs io n  was e s s e n t i a l l y  q u an ­
t i t a t i v e  a s  i n d i c a t e d  by nmr o f  t h e  r e s i d u e  f o l l o w i n g  c e n t r i f u g a t i o n .  
The DMF s o l u t i o n  was p o u red  i n t o  3 0 0  ml o f  w a t e r ,  and e x t r a c t e d  
t h r e e  t im e s  w i th  ^00  ml h e x a n e .  The s o l v e n t  was e v a p o r a te d  u n d e r  
re d u c e d  p r e s s u r e  a f t e r  d r y in g  f o r  5 h r s  o v e r  5 g MgSO^,. The y i e l d  
o f  monomer ( 6^ )  was 2 0 .8 0  g (8 3 . 2 # ) ,  bp l8 2 °  (DTA), nmr (CDC13 ) , 
s e e  T a b le  I 5 5 i r  ( n e a t )  , s e e  T a b le  2 ; l a s e r  Raman s p e c t ru m  
(A r W580 A l a s e r )  , s e e  T a b le  3-
A n a l . C a lcd  f o r  Ci4 H iq S02 : C, 6j . 2;  H, 7 - 2 ;  S, 1 2 .8 ,  0 ,  1 2 .8 .
Found: C, 6 7 . 2 6 ; H, 7 .2 0 ;  S, I3 .OO; 0 ,  1 2 .7 1 .
C. H o m o p o lv m eriza tio n
1. B ulk  P o ly m e r i z a t io n  o f  S - V i n v l - O - t - a m v l th io c a r b o n a t e  
A d r i e d  p o l y m e r i z a t i o n  tu b e  was c h a rg e d  w i th  1 g (5*65 m m ol) 
o f  and 25 mg o f  a z o b i s i s o b u t y r o n i t r i l e  (AIBN, 2 .6 2  m o l$ ) .  The 
m i x tu r e  was f r o z e n  i n  a d r y - i c e  a c e to n e  m i x t u r e ,  th e  tu b e  i s  e v a c u a te d  
to  0 .1  mm Hg, c l o s e d  to  t h e  vacuum and a l lo w e d  t o  warm to  room 
t e m p e r a t u r e .  A f t e r  r e p e a t i n g  t h i s  vacuum f r e e z e - t h a w  d e g a s s in g  
p r o c e s s  t h r e e  t i m e s ,  t h e  m i x tu r e  was f r o z e n  and  t h e  tu b e  was s e a l e d
u n d e r  vacuum. The s e a l e d  tu b e  was immersed i n  a c o n s t a n t  te m p e ra ­
t u r e  b a t h  a t  6 0 °  f o r  12 h r s .  The p o ly m e r i z a t i o n  tu b e  was c o o le d  i n  
a n  i c e  b a t h ,  opened  and  th e  e x t r e m e ly  v i s c o u s  po lym er s o l u t i o n  was
p o u re d  i n t o  10 ml THF. The tu b e  was w ashed w i th  t h r e e  5 ml 
a l i q u o t s  o f  THF, th e  w a s h in g s  w ere added  t o  t h e  po lym er s o l u t i o n  
and th e  polym er was p r e c i p i t a t e d  by ad d in g  t h i s  s o l u t i o n  s lo w ly  
to  200 ml o f  v i g o r o u s l y  s t i r r e d  m e th a n o l .  The po lym er was c o l ­
l e c t e d  on a medium p o r o s i t y  s i n t e r e d  g l a s s  f i l t e r  f u n n e l ,  r e ­
d i s s o l v e d  i n  15 ml o f  THF, and r e p r e c i p i t a t e d  i n t o  m e th a n o l  tw ic e .  
A f t e r  i s o l a t i n g  and  d r y in g  th e  p r e c i p i t a t e  a t  4 0 °  i n  vacuo f o r  
48  h o u r s ,  0 .4 8  g (4 8 #  c o n v e r s io n )  o f  w h i t e  am orphous p o lym er,  7 2 , 
w a s  o b t a i n e d .  Nmr (CDC13 ) 6x143 0 .9 2  ( t ,  3 ,  = 7 . 5  Hz, -CHs*3-
a h a ) ,  1*46 ( s ,  6 , CH3 -C -C H 3 ) ,  1 .8 2  ( q ,  2 , J ba = 7 - 5  Hz, - c h J 3- 
CH3 a ) , 1 .S7  [b r o a d  s ,  2 ,  backbone  •fCHg- C H ^ 'l ,  3 .5 5  [b r o a d  s ,  1, 
backbone  fC H e -C H ^ ] ;  i r  ( f i l m )  vcm- !  2995~2990s ( C - H ) ,  I7 2 5 - 1 6 9 5 s 
(C =0),  1455s. an d 1440m (CH3 asym. d e f . ) ,  1380m and  1 3 6 8 m (.t-am yl 
d e f . ) ,  1190s. ( t .-am yl d e f . ) ,  1 1 4 0 - l l lQ b s  ( t . -a m y l-0 -sy m  S t . ) ,  1060m, 
lOlOw, 925S> 855m, (CH3  r . k . ) ,  8 3 OS. (C-C v a l . ) ,  674w (C-s); DTA 
t i  = 2 2 2 °  to  2 3 0 ° ,  t 2  = 3 3 ^ * 5 ° ;  TGA #  w e ig h t  l o s s  = 6 4 .6 0  ( t h e o r e t i ­
c a l l y  6 5 . 5 1 # ) ;  mgpc  = ~  3 0 , 0 0 0 .
2 .  B ulk  P o ly m e r i z a t i o n  o f  S - V i n y l b e n z y l - 0 - . t - b u t y l t h i o - 
c a r b o n a t e  -  A d r i e d  p o ly m e r i z a t io n  am poule was c h a rg e d  w i th  
2 .0 2 4 5  g (8 . 1  x 1 0  3  m ol) o f  monomer ( 6g^ and 5 * 0 5  mg ( 3 .O8  x  10  5 
m ol) o f  AIBN. The am poule  was d e g a s s e d  i n  vacuum by t h r e e  a l t e r n a t e  
f r e e z e - th a w  c y c l e s  and t h e n  s e a l e d  i n  v a c u o . The tu b e  was immersed 
i n  a  7 0 °  o i l  b a t h  f o r  4 0  m in .  The po lym ers  w ere  p u r i f i e d  by 
p r e c i p i t a t i o n  from b en zen e  i n t o  m e th a n o l ,  th e n  f r e e z e  d r i e d  t o  y i e l d
0-377  g ( 1 8 .6 1  i  c o n v e r s io n )  o f  p o l y [ S - v i n y l b e n z y l - 0 - £ - b u t y l t h i o -  
c a r b o n a t e ]  ( £ 2,)> d e c .  tem p. 2 2 2 °  (w t .  l o s s  3 5 *5 $ ) j  7 5 *2/6 o f  th e  
polym er was s o l u b l e  i n  b e n z e n e ,  THF, and  DMF w i t h  [T)] =* 0.1+9 d l / g  
i n  b e n ze n e  a t  3 0 ° ;  2 4 . 8 $  was i n s o l u b l e - s w o l l e n  p o lym er.  I r (K B r  
d i s k )  v -j. 1710-1685S. (C=0), 1 2 5 0 -1205m ( t - B u ) ,  675w ( c - s ) .
A n a l . C alcd  f o r  - ( C i 4H ia S0 a )x - :  C, 6 7 . 2 ; H, 7 . 2 ;  S, 1 2 .8 ;
0 , 12.8 .
Found: C, 6 7 .2 7 ; H, 7 - 1 0 ;  S, 1 2 .8 5 ;  0 ,  1 2 . 7 5 .
3■ D i l a t o m e t r i c  S t u d i e s  o f  t h e  H o m o p o lv m eriza tio n  o f  S - V i n y l - 
0 - j : - b u t y l t h i o c a r b o n a t e  ( 1 6 ) -  Monomer ( l 6 ) and AIBN c a t a l y s t  w ere  
w eighed  i n t o  a  c a l i b r a t e d  d i l a t o m e t e r  ( c a l i b r a t e d  by m ercu ry  a t  
2 4 °  , V = 2 .S 7 6 i 8  m l ) ,  and p o ly m e r i z a t i o n  was i n i t i a t e d  by im m ers ing  
th e  d i l a t o m e t e r  i n  a c o n s t a n t  t e m p e r a t u r e  o i l  b a t h  (T = 7 0  ±  0 . 0 5 ° ) .  
A f t e r  f o l l o w i n g  th e  p o l y m e r i z a t i o n  f o r  th e  d e s i r e d  i n t e r v a l ,  th e  
polym er was i s o l a t e d  by p o u r in g  t h e  m ix tu r e  i n t o  m e th a n o l ,  d i s s o l v i n g  
th e  po lym er i n  THF, and  r e p r e c i p i t a t i n g  i n  m e th a n o l .  The c o n v e r s io n  
was c a l c u l a t e d  from t h e  w e ig h t  o f  p o ly m er  r e m a in in g  a f t e r  d r y in g  
f o r  48 h r s  a t  4 0 °  ir i  v a c u o . The r a t e  o f  p o ly m e r i z a t io n  was c a l c u ­
l a t e d  from  th e  i n i t i a l  volume by u s i n g  th e  f o l l o w i n g  e q u a t io n :
R = M . ( v 
p fir  ̂ vk  }
w here t h e  t o t a l  c o n t r a c t i o n  K was e s t i m a t e d  from  g r a v i m e t r i c  
c o n v e r s io n  d a t a  t o  b e  l 4 . 4 l .  The r e s u l t s  a r e  sum m arized i n  
T ab le  6 *
D i l a t o m e t r i c  s t u d i e s  o n  th e  i n f l u e n c e  o f  d i - t . - b u t y l c a r b o n a t e  
on t h e  p o ly m e r iz a t io n  o f  S - v i n y l - 0 - . t - b u t y l t h i o c a r b o n a t e  were 
co n d u c te d  by w e ig h in g  f r e s h l y  d i s t i l l e d  16  and d i - t - b u t y l c a r b o n a t e  
i n t o  a c a l i b r a t e d  d i l a t o m e t e r  w i th  0 .0 4 4 5  m ol$  o f  A IB N  as  i n i t i a t o r .  
The po lym ers  w ere  p r e c i p i t a t e d  i n  m e th a n o l  from 10$ THF s o l u t i o n .  
A f t e r  r e p r e c i t a t i o n  tw ic e  i n  m e th a n o l  from  THF and b e n z e n e ,  
r e s p e c t i v e l y ,  t h e  po lym ers  w ere  d r i e d  a t  4 0 °  f o r  48  h r s  i n  v a c u o .
The r e s u l t s  a r e  sum m arized i n  T a b le  8  and  F ig u re  5*
4 .  F re e  R a d ic a l  P o ly m e r i z a t io n  o f  S ty r e n e  i n  t h e  P re s e n c e  
o f  A d d i t i v e s  - S ty r e n e  was p u r i f i e d  b y  e x t r a c t i n g  t h r e e  t im es  w i th  
10$ aq u eo u s  NaOH to  remove t h e  i n h i b i t o r ,  w ashed t h r e e  t im es  w i th  
d i s t i l l e d  w a t e r ,  d r i e d  o v e r  an h y d ro u s  CaCl2  and d i s t i l l e d  i n  vacuo  
[b p  3 1 . 5 °  ( 15mm) 3 im m e d ia te ly  p r i o r  t o  t h e  p o l y m e r i z a t i o n  e x p e r i ­
m en t;  o n ly  c e n t e r  c u t s  w ere  u s e d .
A s to c k  s o l u t i o n  was p r e p a r e d  b y  a d d in g  O.O3 O g AIBN to  
50  ml o f  s t y r e n e .  The a d d i t i v e  [ d i - t - b u t y l c a r b o n a t e ,  S - e t h y l - 0 -  
_ t - b u t y l t h i o c a r b o n a t e ,  o r  p o l y ( s - v i n y l - 0 - t . - b u t y l t h i o c a r b o n a t e )  ] ,  
1 .1 6 6  m ol$ , was w e ighed  i n t o  a 15 ml v o lu m e t r i c  f l a s k ,  10  ml o f  t h e  
s ty ren e -A IB N  s t o c k  s o l u t i o n  was added  and  t h e  m ix tu r e  was d i l u t e d  
t o  15 ml w i th  p u re  s t y r e n e .  The p o ly m e r i z a t i o n  was fo l lo w e d  i n  a 
c a l i b r a t e d  d i l a t o m e t e r  a t  J 0 ° ,  The po lym er was d i s s o l v e d  i n  25 ml 
b e n z e n e  and p r e c i p i t a t e d  by a d d i t i o n  to  m e th a n o l ;  r e p r e c i p i t a t e d  
tw ic e  from  THF i n t o  m e th an o l  and  d r i e d  a t  4 0 °  i n  vacuo  f o r  48 h r .
T h e  r e s u l t s  w e r e  s u m m a r i z e d  i n  T a b l e  9-
D. Kinetic Studies of the Pyrolysis of Poly(S-Vinyl-Q-t-butvl-
thiocarbonate)
T herm al Removal o f  . t - B u ty lo x o c a r b a n y l  B lo c k in g  Group -  A l l  
s o l v e n t s  u s e d  i n  t h i s  e x p e r i m e n t  w ere  d e i o n i z e d  by p a s s in g  them 
th ro u g h  a n  a n a l y t i c a l  g ra d e  c h e l a t i n g  r e s l n 115w hich  had  been  d r i e d  
a t  8 0 °  and 15 mm f o r  3 d a y s .  P o l y ( s - v i n y l - 0 - t . - b u t y l t h i o c a r b o n a t e ) ,
0 . 1 0  g {0 .6 2 3  me q ) ,  i s  d i s s o l v e d  i n  5 ° f  N -m e th y lp y r r o l id o n e .
T h is  s o l u t i o n  was i n t r o d u c e d  i n t o  a  v a p o r  j a c k e t e d  r e a c t i o n  v e s s e l  
an d  s t i r r e d  by b u b b l in g  n i t r o g e n  th ro u g h  i t .  The e x i t  g a s e s  w ere  
p a s s e d  th ro u g h  a  d ry  i c e - a c e t o n e  gas t r a p ,  a  Schwarz tu b e  f i l l e d  
w i t h  D r i e r i t e ,  a  N e s b i t t  a b s o r p t i o n  b u lb  c o n t a i n i n g  A s c a r i t e  C02  
a b s o r b e n t ,  a  s u l f u r i c  a c i d  b u b b l e r  and a  p o ta s s iu m  h y d ro x id e  t r a p .  
The po lym er s o l u t i o n  was h e a t e d  t o  I 6 5 0  i n  a  b a th  o f  r e f l u x i n g  
N ,N -d im e th y la c e ta m id e  f o r  2  h r s .  The w e ig h t  o f  C02  a b s o rb e d  
i n d i c a t e d  t h a t  8 6 . 7 $ o f  t h e  t h e o r e t i c a l  C02  e v o l u t i o n  has  o c c u r r e d  
w i t h i n  2 h r s .  The polymer s o l u t i o n  was a l lo w e d  t o  c o o l ,  th e n  t r a n s ­
f e r r e d  q u a n t i t a t i v e l y  to  a  1 0  ml v o lu m e t r i c  f l a s k  and d i l u t e d  t o  
th e  m ark w i t h  N - m e th y l p y r r o l i d o n e .  A f t e r  th o ro u g h  p u rg in g  w i th  
n i t r o g e n ,  t h i s  polym er s o l u t i o n  can  be s t o r e d  i n  a  d r y ,  oxygen f r e e  
a tm o s p h e re  f o r  s e v e r a l  d a y s .
The p o ly m er  can be i s o l a t e d  f o r  c h a r a c t e r i z a t i o n  by p r e c i p ­
i t a t i n g  i n t o  1 0 :1  m e th a n o l - p e n ta n e  i n  a d ry  box o r  g lo v e  b ag .  The 
i n f r a r e d  s p e c t r u m  i n  KBr c o n t a i n e d  a  s t r o n g  peak  a t  2 6 5 O cm 1 ( s h )  
and a weak p eak  1 7 2 0  cm 1 ( c = 0 ) ,  which i s  c o n s i s t e n t  f o r  p o ly -  
( v i n y l  m e r c a p ta n ) .
D e te r m in a t io n  o f  M e rc a p ta n  Groups -  2  ml o f  t h e  s t o c k  
s o l u t i o n  o f  p o l y ( v i n y l  m e rc a p ta n )  ( ~  0 .125  meq) i n  N - m e t h y l p y r r o l i ­
done was added  to  2 0  ml o f  a s o l u t i o n  o f  6 . 0g m e rc u r ic  c h l o r i d e  i n  
500 ml o f  d i m e t h y l s u l f o x i d e .  T h is  m ix tu r e  was s t i r r e d  f o r  a t  l e a s t  
5 0  min a n d  th e n  1 5 0  ml o f  an  aq u eo u s  0 .5  M s o l u t i o n  o f  sod ium  
c h l o r i d e  was a d d e d .  The m ix tu r e  was t i t r a t e d  p o t e n t i o -  
m e t r i c a l l y  w i th  0 .1N  p o ta s s iu m  h y d r o x id e .  The m e rc ap tan  c o n t e n t  
s h o u ld  be  0 . 10*4- meq (8 3 $ ) .  T h is  was i n  c l o s e  ag ree m en t  w i t h  8 6 .7 $ 
d e te r m in e d  by COg e v o l u t i o n .
I s o t h e r m a l  D e c o m p o s i t io n  o f  P o l y ( S - v i n y l - Q - t : - b u t y l t h i o - 
c a r b o n a t e )  - An i s o t h e r m a l  t im e  b a s e  TGA was o b ta in e d  a t  a n o m in a l  
s c a n n in g  r a t e  o f  1 i n c h /m in  by  s e t t i n g  t e m p e r a tu r e  r a t e  a t  5 ° / rai n 
and X - a x i s  s c a l e  a t  0 .4  m v . / i n c h .  The r e s u l t s  w ere shown i n  
F ig u re  8 , and  T a b le  l 6 .
T a b le  16
I s o th e r m a l  D e c o m p o s i t io n  o f  P o l y ( S - v i n y l - Q - . t - b u t y l t h i o c a r b o n a t e )
T,°K d t
t
In  k T o t a l  w e ig h t  *"* 
l o s s ,  $
444 1 . 0 4 166 -6 .8 6 6 9 5
*4-56 2 .5 1 2 1 5 -5 -9 3 6 6 1 6 1 .6 5
468 6 .6 8 3 6 9 - 5 .0 0 8 0 8 6 2 .4 8
475 1 1 .3 7 9 -4 .4 7 5 9 8 6 8 .0 0
480 1 7 .7 1 4 2 8 - 4 .0 3 3 3 8 6 2 .1 4
485 2 2 .3 9 5 8 3 -3 .7 9 3 8 8 6 0 .3 8
4 9 0 4 2 .2 9 8 8 5 -3  -16299 6 2 . 5 0
4 9 2 33-5 1 6 4 8 -3 .5 9 5 7 1 6 2 .5 0
4 9 8 4 8 .9 6 7 5 5 - 3 .0 1 6 5 9 6 2 .0 2
504 6 2 .4 5 9 5 4 -2 .7 7 5 2 3 6 2 .5 5
512 86*53846 -2 .4 4 7 1 6 6 2 .3 1
517 1 45 .18181 -1 .9 4 3 6 4 6 2 .3 7
* k = s l o p e  = w t l o s s  ( g ) / t i m e  ( s e c ) ,  e s t i m a t e d  
** l o s S *A v e ra g e  v a l u e  6 2 .6 0 $  t o t a l  w e ig h t  l o s s .
a t  3 1 -2 5 $  w e ig h t
E. Copolymerization of S-Vinyl-Q-t-butylthiocarbonate (Mg)
1. W ith  S ty r e n e  (Mi ) -  S ty r e n e  was p u r i f i e d  a s  d e s c r i b e d  
p r e v i o u s l y .  S ty r e n e  and  S - v i n y l - 0 - . t - b u t y l t h i o c a r b o n a t e  w ere  
w eighed  i n t o  10 ml d r y in g  am poules  c o n t a i n i n g  4 1  mg (3*94 x 10~4 
m ol) AIBN. The t o t a l  m o la r  c o m p o s i t io n  o f  t h e  monomer m ix tu r e  was 
m a in t a i n e d  a t  0 .0 5  m o le ,  b u t  th e  f e e d  r a t i o  was v a r i e d .  The 
am poules  w ere  d e g a s s e d  i n  vacuum by t h r e e  a l t e r n a t e  f r e e z e - th a w  
c y c l e s  and  th e n  s e a l e d  i n  v a c u o . The tu b e s  w ere  im mersed i n  a  7 0 °  
o i l  b a t h  u n t i l  a  n o t i c e a b l e  i n c r e a s e  i n  v i s c o s i t y  i n d i c a t e d  t h e  
f o r m a t io n  o f  co p o ly m er .  The co p o ly m ers  w ere  d i l u t e d  w i th  10 ml 
o f  b en ze n e  and p r e c i p i t a t e d  i n  m e th a n o l  o r  p e t ro le u m  e t h e r ,  
d e p e n d in g  on e x p e c te d  po lym er c o m p o s i t io n .  The copo lym ers  w ere  
r e p r e c i p i t a t e d  tw ic e  from  THF i n t o  m e th a n o l .  The p r e c i p i t a t e s  w ere  
d r i e d  i n  a  vacuum oven a t  4 0 °  f o r  4-8 h r s  and w e ighed  to  d e t e r m in e  
th e  e x t e n t  o f  c o n v e r s io n .  The c o m p o s i t io n  o f  t h e  copo lym ers  was 
c a l c u l a t e d  from t h e i r  e l e m e n t a l  a n a l y s i s  (T a b le  17)* The s t y r e n e  
c o n t e n t  was d e te rm in e d  s p e c t r o p h o t o m e t r i c a l l y  i n  CHC13 a t  2 60  mp, 
w i t h  a C a r y - 14 s p e c t r o p h o t o m e t e r
The r e a c t i v i t y  r a t i o s  w ere  e s t i m a t e d  by t h e  method o f  i n t e r ­
c e p t s 120 ( F ig u r e  18) o r  th e  F inem an-R oss  m e thod108 ( F ig u r e  1 9 ) ,  and 
r e f i n e d  by a  c u rv e  f i t t i n g  te c h n iq u e ^ 09 The copo lym er c o m p o s i t io n  
c u rv e  was shown i n  F ig u r e  9* A co m p u te r  p rogram  w r i t t e n  by 
Montgomery and  F ry 107was u se d  to  g e n e r a t e  th e  i n t e g r a l  copo lym er 
c o m p o s i t io n  f o r  t h e  c u r v e - f i t t i n g  a p p ro a c h .  V a lu es  o f  r i  = 3 . 0  
and  r 2  -  0 . 2 0  w ere  o b t a i n e d .
TABLE 17
Copolyraerization of S~ Vinyl-0-t:-butylthiocarbonate .(Ms) with Styrene (Ml )
Mi «- F e e d  -»
M o le  f r a c t i o n
g (m . m o l e ) g (tn. m o l e ) i n  f e e d ,  Mi
JTVXJT UlCi.
t i m e 3 ( m i n ) $  C o n v .k cnn dmi
0 . 5 7 2 ( 5 . 5 ) 7 . 2 1 ( 4 5 ) 0 ^ 0 9 9 0 6 . 4 6 1 5 . 5 4 0 . 2 2 4 0 . 3 1 5
1 . 0 2 2 ( 9 . 8 2 ) 6 . 4 o 6 ( 4 0 . 0 ) 0 . 1 9 7 60 2 . 5 9 1 1 . 3 3 0 . 4 3 ^ 0 . 5 4 3
1 . 6 0 6 ( 1 5 - 4 2 ) 5 .6 0 1 ( 3 5 . 0 ) 0 . 3 0 6 1 2 0 9 . 0 3 0 . 5 8 7
2 . 1 1 8 ( 2 0 . 3 5 ) 4 .8 0 2 ( 3 0 . 0 1 ) 0 . 4 0 4 6 0 3 . 3 8 7 . 0 7 0 . 6 4 6 0 .7 2 6
2 . 5 4 2 ( 2 4 . 4 3 ) 4 . 0 0 ( 2 5 . 0 ) 0 . 4 9 4 55 6 . 8 4 5 . 0 9 0 . 7 4 6 0 . 7 4 6
3 . 5 7 2 ( 3 4 . 3 ) 2 .4 0 3 ( 1 5 . 0 ) O .6 9 6 65 9 . 8 5 0 . 7 9 7
4 . 1 6 8 ( 4 0 . 0 4 ) 1 .6 0 1 (1 0 . 0 1 ) 0 .8 0 0 3 0 4 . 3 3 2 . 5 4 0 . 8 7 3 0 .8 9 8
4 .7 1 6 ( 4 5 . 3 ) 0 . 8 ( 5 . 0 ) 0 . 9 0 1 7 5 1 4 . 7 O .9 2 9
4 . 6 8 3 ( 4 5 . 0 ) 0 . 8 ( 5 . 0 ) 0 .9 0 0 30 5 . 1 0 .8 6 6
5 .0 0 6 ( 4 8 . 0 9 ) 0 . 4 0 1 ( 2 - 5 4 ) 0 .951- 30 6 . 9 3 0 . 5 4 0 . 9 7 3 0 . 8 9 4
a .  P o l y m e r i z a t i o n  t e m p e r a t u r e ,  TO0 ; i n i t i a t o r ,  4 l .O m g  (0 .5  m o le  # )  a z o b i s i s o b u t y r o n i t r i l e .
b .  P r e c i p i t a n t ,  m e t h a n o l ;  r e p r e c i p i t a t e d  f r o m  THF i n t o  m e t h a n o l .
c .  C a l c u l a t e d  f r o m  e l e m e n t a l  a n a l y s i s .
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F i g u r e  18:
M e t h o d  o f  i n t e r s e c t i o n  p l o t  f o r  s t y r e n e  ( M j )  -  S - v i n y l - O - J t - b u t y l t h l o -  
c a r b o n a t e  (M2 ) c o p o l y x n e r i z a t i o n s .
F i g u r e  19:
F inem an-R oss  p l o t  f o r  s t y r e n e  (Mi) -  S - v i n y . l - O - t - b u t y l t h i o c a r b o n a t e  (Ms ) 
c o p o l y m e r i z a t i o n s .
2 .  W ith  M ethy l M e th a c r y l a t e  (M i) . M eth y l m e t h a c r y l a t e  
(MMA) was e x t r a c t e d  tw ic e  w i th  5 $  NaOH, washed w i th  d i s t i l l e d  w a t e r ,  
d r i e d  o v e r  an h y d ro u s  MgS04 and  d i s t i l l e d  from GaH^ u n d e r  n i t r o g e n ,  
bp 3 3 “3 5 °  ( 6 0  mm).
The monomers and  5 - 0  nig (0 .0 5  mol$) AIBN w ere  w eighed  i n t o  
p o ly m e r i z a t i o n  a m p o u le s .  The am poules w e re  d e g a s s e d ,  s e a l e d  u n d e r  
vacuum and h e a t e d  a t  7 0 °  f o r  18 -19  m in . The po lym ers  w ere  d i l u t e d  
w i th  19  ml o f  b e n z e n e  and  p r e c i p i t a t e d  by a d d i t i o n  t o  e i t h e r  m e th a n o l  
o r  p e n ta n e .  The po lym ers  w ere  f i l t e r e d  and r e p r e c i p i t a t e d  i n  t h i s  
m anner two more t im e s  to  i n s u r e  t h e i r  p u r i t y ,  d r i e d  u n d e r  vacuum a t  
lf0° f o r  if8  h r s  a n d  w e ig h e d .  The c o m p o s i t io n s  o f  th e  m e th y l  m e th a c r y ­
l a t e  copo lym ers  w ere  d e te rm in e d  by nmr a n a l y s i s  o f  5 w t - $  C D C I3 
copo lym er s o l u t i o n s .  S u l f u r  c o n t e n t s  from e l e m e n t a l  a n a l y s i s  w ere  
a l s o  u s e d  to  c a l c u l a t e  th e  copo lym er c o m p o s i t io n .  The r e s u l t s  a r e  
sum m arized i n  T a b le  1 8 .
The copo lym er c o m p o s i t io n  c u rv e  i s  shown i n  F ig u r e  10 , 
m ethod o f  i n t e r c e p t s  p l o t  i n  F ig u r e  20 , and F inem an-Ross p l o t  
i n  F ig u r e  21 . The r e a c t i v i t y  r a t i o s  w ere  found  to  b e :  n  = 1 ,^ 0 ;
r s  = 0 .1 7 .
3 . W ith  V in y l  A c e t a t e  (Mi ) . V in y l  a c e t a t e  was e x t r a c t e d  
w i th  5$  NaOH, w ashed  w i th  w a te r ,  d r i e d  o v e r  MgS04 and d i s t i l l e d  
a t  a tm o s p h e re  p r e s s u r e  from  CaH^ u n d e r  n i t r o g e n ,  bp 7 2 . 2 - 7 2 . 3 °
{ 7 6 0  mm). The monomers and  e i t h e r  0 .5  mol$ o r  0 .0 5  m ol$  AIBN w ere  
w e ighed  i n t o  p o ly m e r i z a t i o n  t u b e s .  The tu b e s  w ere  d e g a s s e d ,  
s e a l e d  u n d e r  vacuum and h e a t e d  a t  7 0 °  f o r  t h e  t im e  i n d i c a t e d .  The
TABLE 18
C o p o ly m e r iz a t io n  o f  S - V i n y l - 0 - t . - b u t y l t h i o c a r b o n a t e  (M2 ) w i th  M e th y lm e th a c r y la t e ,  (M i) 
Mi -  Feed tfe
Mole fraction
Mole f r a c t i o n
g (m m ole) g (m m o le) i n  fe e d ,  Ml t im e 3  (m in .)
» 0 
£  Conv. mfi m mi mi
0 .3 8 8 ( 3 . 8 8 ) 4 . 0 0 6 ( 2 5 . 0 0 ) 0 . 1 3 5 1 9 2 . 9 8 1 3 . 9 8 .3 0 2  0 .3 1 1
1 . 0 8 7 ( 1 0 . 8 7 ) 4 . 0 0 3 ( 2 4 . 9 8 ) 0 . 3 0 3 1 9 5 . 4 0 1 0 . 2 0 .4 9 1  C .4 6 9
2 . 4 3 0 ( 2 4 . 3 0 ) 4 . 0 0 4 ( 2 4 . 9 9 ) 0 . 4 9 3 1 9 5 . 3 0 7 . 4 3 .6 2 8  0 .6 0 7
4 .6 6 L ( 4 6 . 6 1 ) 3 - 3 8 4 ( 2 1 . 1 2 ) 0 .6 8 8 1 9 4 . 2 8 4 . 4 0 .7 8 0  0 . ? 4 4
4 .6 6 9 ( 4 6 . 6 9 ) 1 . 9 7 4 ( 1 2 . 3 6 ) 0 . 7 9 1 1 8 4 . 7 8 3 . 0 3 . 8 4 8  0 .8 2 3
4 .6 9 6 ( 4 6 . 9 6 ) 0 . 8 8 0 ( 5 . 4 9 ) 0 . 8 9 5 1 8 5 . 6 9 1 . 4 8 .9 2 6  0 .9 2 8
a .  P o ly m e r i z a t io n  te m p . ,  7 0 ° ,  i n i t i a t o r ,  5*0 mg ( 0 0 5  mole $>) a z o b i s i s o b u t y r o n i t r i l e .
b .  P r e c i p i t a n t ,  m e th a n o l ;  r e p r e c i p i t a t e d  f ro m  THF i n t o  m e th a n o l .
c .  C a l c u l a t e d  from  e l e m e n t a l  a n a l y s i s .
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F i g u r e  20:
Method o f  i n t e r s e c t i o n  p l o t  f o r  m e th y l  m e t h a c r y l a t e  (Mx ) -  S -v in y l - 0 - _ t“ 




F i g u r e  21:
F inem an-R oss  p l o t  f o r  m e th y l  m e t h a c r y l a t e  (Mi) -  S - v in y l - 0 - t_  
b u t y l t h i o c a r b o n a t e  (M2 ) c o p o l y m e r i z a t i o n s .
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c o p o l y m e r s  w e r e  v e r y  gummy a n d  d i f f i c u l t  t o  p u r i f y ,  t h e y  w e r e
p r e c i p i t a t e d  i n  m e t h a n o l ,  t h e n  f r e e z e - d r i e d .  T h e  r e s u l t s  a r e
s h o w n  i n  T a b l e  1 9 )  F i g u r e  1 0  a n d  F i g u r e  2 2 .  T h e  r e a c t i v i t y  r a t i o s  
w e r e  f o u n d  t o  b e :  n  =  0 . 0 ^ ,  = 1 1 . 0 .
k.  W i t h  N - V i n v l p v r r o l i d o n e  (Mi ) ^ 1 1  F r e s h l y  d i s t i l l e d
N - v i n y l p y r r o l i d o n e  a n d  S - v i n y l - 0 - t . - b u t y l  t h i o l c a r b o n a t e  w e r e  
w e i g h e d  d i r e c t l y  i n t o  p o l y m e r i z a t i o n  t u b e s ,  a n d  0 - 5 $  b y  w e i g h t  o f  
a z o - b i s - i s o b u t y r o n i t r i l e  w a s  a d d e d  a s  a  f r e e  r a d i c a l  s o u r c e .  T h e  
t u b e s  w e r e  d e g a s s e d ,  s e a l e d  u n d e r  v a c u u m  a n d  h e a t e d  i n  a n  o i l  b a t h  
a t  65°  f o r  t w e n t y  m i n u t e s .  T h e  c o n t e n t s  o f  t h e  t u b e s  w e r e  d i l u t e d  
w i t h  1 0  m l .  o f  b e n z e n e  a n d  p r e c i p i t a t e d  i n  e i t h e r  m e t h a n o l ,  
p e n t a n e  o r  e t h e r ,  d e p e n d i n g  o n  e x p e c t e d  p o l y m e r  c o m p o s i t i o n .
T h e  p o l y m e r s  w e r e  r e p r e c i p i t a t e d  a n d  t h e n  l y o p h i l i z e d  f r o m  b e n ­
z e n e .  T a b l e  2 0  s h o w s  t h e  r e s u l t s .
TABLE 2 0
C o p o l y m e r i z a t i o n  o f  S - V i n y l - 0 - £ - b u t y l t h i o c a r b o n a t e ( M g )
w i t h  N - V in y lp y r r  o l i d  one (M]_)
M o l e  f r a c  t i o n  
i n  f e e d  ,M^
P o l y m e r i z a t i o n  
t i m e  , m l n
$  C o n v . $  N i n  P o l y m e r M o l e  f r a c t i o n  
i n  P o l y m e r ,
0 .3 2 0 1 0 . 6b 1.38 0 .1 0
0 . 5 20 1 3 . oc 2.52 0 .1 8
0 .7 2 0 l J f . 0 C U.W 0 .3 2
0 .9 20 l 6 .od 7.80 0 .57
a  . P o l y m e r i z a t i o n  t e m p e r a t u r e ,  6 ^ ;  i n i t i a t o r ,  0 .  5 w t $  A IB N .
b . P r e c i p i t a n t ,  m e t h a n o l  .
c . P r e c i p i t a n t ,  p e n t a n e  •
d . P r e c i p i t a n t ,  e t h e r .
TABUS 19
C o p o ly m e r iz a t io n  o f  S - V i n y l - 0 - ; t - b u t y l t h i o c a r b o n a t e  (M2 ) w i th  V in y l  A c e ta te  (M i)
Mi *- Feed *4 M2
g (m m o le )  g
Mole f r a c t i o n
m m o le )  i n  f e e d  Ml
P o ly m e r iz a t io n  
tim e  (tnin) $  C onv .C $S







1 3 . 9 6 2 0 .1 0 0 . 0
4 .9 5 1 9 .7 4 0 .0 1 3
8 .5 5 2 0 .5 6 0 . 0
6 .5 1 2 0 . a 0 . 0
o A 4 i ( 5 .1 2 ) 7 .2 0 8 (4 4 .9 8 ) 0 .1 0 2
0 .8 8 8 ( 1 0 .3 ) 6 .4 0 7 (3 9 .9 8 ) 0 .2 0 5
1 . 2 9 2 ( 1 5 .0 ) 5 .601 ( 3 4 .9 5 ) 0 .3 0 0
2 .1 5 0 ( 2 4 .9 7 ) 4 .0 0 5 (2 4 .9 9 ) 0 .5 0
3 -049 ( 3 5 .4 2 ) 2 .4 0 5 ( 1 5 .0 1 ) 0 .7 0 2
3 .8 5 3 ( 4 4 .7 6 ) 0 .8 0 1 ( 5 .0 0 ) 0 .9 0 0
4 .6 2 (5 3 .6 7 ) 2 .1 6 5 (1 3 .5 1 ) 0 .7 9 9
5 .O I3 (5 8 .2 3 ) 2 .2 8 2 (1 4 .2 4 ) 0 .8 0 4
4 . 6 2 ( 5 3 .6 7 ) 1 .5 3 (9*548) 0 .8 4 9
4 .6 2 ( 5 3 .6 7 ) 1 .5 3 (9 .5 4 8 ) 0 .8 4 9
5 .OO3 (5 8 .1 3 ) 1 . 6 1 2 (1 0 . 0 6 ) 0 .8 5 3
4 .6 2 ( 5 3 .6 7 ) 0 .4 5 5 ( 2 .8 4 ) 0 .9 5
4 .6 2 ( 5 3 .6 7 ) 0 .4 5 5 ( 2 .8 4 ) 0 .9 5
31 1 2 .6 6 1 8 .9 5 0 .0 5 2
32 1 4 .0 3 1 2 .9 8 O.3 5
12  5b 1 5 .9 0 1 5 .1 3 0 .2 4 4
50 1 . 3 7 1 4 .7 9 0 . 2 ^
148 1 5 .5 1 4 .6 9 0 .2 6 6
123 . 1 3 .1 0 1 4 .0 0 0 .3 0 0
50 3 .4 0 1 3 .8 2 O.3 0 9
148 1 9 .2 0 6 .9 0 0 .6 5 4
1 0 5 6 .3 5 8 .5 0 0 .5 7 5
a .  P o ly m e r iz a t io n  te m p e r a tu r e ,  7 0 ° ;  i n i t i a t o r ,  41 mg ( 0 .5  mole $ )  AIBN.
b .  I n i t i a t o r  c o n c e n t r a t i o n  d e c r e a s e d  t o  5*0 mg (0P ,5m ole  $ )  on th e  re m a in in g  r u n s .
c .  P r e c i p i t a n t ,  p e t ro le u m  e t h e r  a t  -20°C , r e p r e c i p i t a t e d  from  THF and l y o p h i l l i z e d  from  b e n z e n e .











F i g u r e  22:
Finem an-R oss  p l o t  f o r  v i n y l  a c e t a t e  (Mx) -  S - v i n y l - ( K t - b u t y l t h i o c a r b o n a t e  
(M2 ) c o p o l y m e r i z a t i o n s .
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Based on Che d i f f e r e n t i a l  form o f  t h e  copo lym er e q u a t io n ,  
th e  m ethod o f  i n t e r c e p t s  was u sed  to  c a l c u l a t e  t h e  r e a c t i v i t y  
r a t e s .  V alues o f  r i  = 0 .1 1 9  and  r ^  “  3*9*+ w ere  o b t a i n e d .  The 
copo lym er c o m p o s i t io n  c u r v e  i s  shown i n  F ig .  11, t h e  r e a c t i v i t y  
r a t i o  p l o t  i n  F ig u r e  2 3 , a n d th e  Fineman Ross P l o t  i n  F ig u r e  2*1-.
5 . W ith  N - I s o p r o p v la c r v la m id e  (Mi )^X1 N - I s o p r o p y l -
a c ry la m id e  was r e c r y s t a l l i z e d  tw ic e  from  hexane  t o  a c o n s t a n t
m e l t i n g  p o i n t ,  m .p .  6k . 5- 65°  ( l i t . 116 m .p .  6 2 ° ) .  The monomers and
0 .5  w t .  $  a z o b i s i s o b u t y r o n i t r i l e  w ere  w e ig h ed  i n t o  p o ly m e r i z a t i o n
t u b e s .  A f t e r  a d d in g  10 m l.  o f  b en zen e  t o  d i s s o l v e  t h e  monomer
m i x tu r e ,  th e  tu b e s  w ere  d e g a s s e d ,  s e a l e d  u n d e r  vacuum and  h e a te d
a t  7 0 °  f o r  t h e  t im e s  s p e c i f i e d .  The po lym ers  w ere  p r e c i p i t a t e d  a t
l e a s t  tw ic e  by a d d i t i o n  t o  p e n ta n e  and  l y o p h i l i z e d  from  b e n z e n e .
The r e s u l t s  a r e  shown i n  T a b le  21 , F ig u r e  11 and F ig u r e  23 and 2 6 .
The r e a c t i v i t y  r a t i o s  w ere  found  t o  b e :  r j . ,  1 .1 7 ;  r 2 , 0 . 3 0 .
TABU 21
C o p o ly m e r iz a t io n  o f  S - V i n y l - O - t j - b u t y l t h i o c a r b o n a t e ^ ^ )  
w i t h  N - I s o p r o p y la c r y la m id e ( M ^ )
Mole f r a c t i o n  P o l y m e r i z a t i o n  $  Conv.*5 $  N i n  P o lym er Mole f r a c t i o n
i n  f e e d ,
a
t i m e  m in i n  p o ly m e r ,  m^
0 . 1 1 8 0 1 . 8 3 . 0 5 0 .2 4 6
0 . 5 65 1 7 . 5 7*71 0 .6 2 5
0 . 7 40 1 3 * 5 9*53 0 .7 7 0
0 . 9 6 0 1 2 . 5 1 0 .8 3 0 .8 7 7
a .  P o l y m e r i z a t i o n  t e m p e r a t u r e ,  7 0 ° ;  i n i t i a t o r ,  0 . 5  w t$  AIBN; s o l v e n t ,  
b e n z e n e ;  Cm], 5 m o l /1 .








Method of intersection, plot for N-vinylpyrrolidone (Mi)
S-vinyl-0-.t-butylthiocarbonate (ife) copolymerizations.
2
F ig u r e  2k:
Finem an-Ross p l o t s  f o r  N - v in y lp y r r o l i d o n e  (Mj.) S -v in y l-0 -_ t -  
b u t y l t h i o c a r b o n a t e  (M2 ) c o p o ly m e r iz a t io n s  and N -v in y l - 0 - t . -  
b u ty l c a r b a m a te  (Mx ) -  S - v i n y l - O - t - b u t y l t h i o c a r b o n a t e  (Mg) 




Method of intersection plot for N-isopropylacrylamide (M3. )  -
S-vinyl-0-t.-butylthiocarbonate (Ms) copolymerizations.
7a
F ig u re  26:
Finem an-Ross p l o t  f o r  N - i s o p r o p y la c r y la m id e  (Mi) - S -v in y l -O - t . -  





6 . W i t h  N - V i n v l - O - t - b u t v l c a r b a m a t e  (Mi H 11 N - v i n y l - O - t , -  
b u t y l c a r b a m a t e  w a s  p r e p a r e d  f r o m  v i n y l i s o c y a n a t e  a n d  _ t - b u t a n o l  i n  
8 1 . 5 $  y i e l d  a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  S c h u l z  a n d  H a r t m a n n .117 
Two r e c r y s t a l l i z a t i o n s  f r o m  h e x a n e  p r o d u c e d  a n a l y t i c a l l y  p u r e  
m a t e r i a l ,  m . p .  6 6 . 5 -6 7°  ( l i t . 1 1 ® m . p .  66° ) .
T h e  m o n o m e rs  a n d  0 . 5  w t .  $  a z o b i s i s o b u t y r o n i t r i l e  w e r e  w e i g h e d  
i n t o  p o l y m e r i z a t i o n  t u b e s  a n d  d i s s o l v e d  i n  25  m l .  o f  a n h y d r o u s  
b e n z e n e .  T h e  t u b e s  w e r e  d e g a s s e d ,  s e a l e d  u n d e r  v a c u u m  a n d  h e a t e d  
a t  6 5 °  f o r  t h e  t i m e s  i n d i c a t e d .  T h e  p o l y m e r s  w e r e  p r e c i p i t a t e d  b y  
a d d i t i o n  t o  e i t h e r  m e t h a n o l  o r  p e n t a n e ,  r e p r e c i p i t a t e d  a n d  l y o p h i l i z e d  
f r o m  b e n z e n e .  T h e  r e s u l t s  a r e  s u m m a r i z e d  i n  T a b l e  2 2  a n d  F i g u r e s  
1 2 ,  2 4  a n d  2 7 .  T h e  r e a c t i v i t y  r a t i o s  w e r e  f o u n d  t o  b e :  n  =  0 . 1 2 5 ;
r 2  =  5 • 10 *
TABLE 2 2
C o p o l y m e r i z a t i o n  o f  S - V i n y l - 0 - _ t - b u t y l t h I o c a r b o n a t e ( M g )  
w i t h  N - V i n y l - 0 - t . - b u t y l c a r b a m a t e ( M ^ )
M o l e  f r a c t i o n  P o l y m e r i z a t i o n  $  C o n v .  $  N i n  P o l y m e r  M o l e  f r a c t i o n
a
i n  f e e d ,  t i m e  , r a i n  i n  p o l y m e r ,
0 . 2 2 4 0 8 . 9 5 b 0 . 5 4 O .0 5 5
0 . 4 2 4 0 1 . 5 b 0 . 9 7 0 . 0 9 9
0 . 5 2 4 0 3 * 5 b 1 . 5 4 O . I 8 5
0 . 7 3 6 0 1 . 6° 2 . 8 4 0 . 2 8 8
0 . 9 4 2 0 1 . 9 C 5 .6 5 0 . 5 7 5
a .  P o l y m e r i z a t i o n  t e m p e r a t u r e ,  7 0 ° ;  i n i t i a t o r ,  0 . 5 w t $ A I B N ;  s o l v e n t ,  
b e n z e n e ;  [ M ] ,  2 m o l / 1 .
b .  P r e c i p i t a n t ,  m e t h a n o l .
c .  P r e c i p i t a n t ,  p e n t a n e .








Method of intersection plot for N-vinyl-O-ji-butylcarbamate (Mi) -
S-vinyl-0-t.-butylthiocarbonate (frfe) copolymerizations.
7 . W ith  t - B u t y l  m e th a c r y l a te ( M i)  . 11:L . t -B u ty l  m e t h a c r y l a t e
was w ashed w i th  5$  aq u eo u s  NaOH, w a t e r ,  d r i e d  o v e r  a n h y d ro u s  MgS04  
and d i s t i l l e d  u n d e r  vacuum. The c o p o l y m e r iz a t io n s  w ere  c a r r i e d  o u t  
i n  s e a l e d  am poules and t h e  copo lym ers  w ere  p u r i f i e d  by p r e c i p i t a t i o n  
from  b enzene  i n t o  m e th a n o l .  The r e s u l t s  a r e  sum m arized i n  T a b le  2 J  
and  F ig u r e  10 , 28  and 29- V a lues  o f  n  = 1 -7 0 ,  = 0 .1 5 ,  w ere
o b t a i n e d .
3ABLE
C o p o ly m e r i z a t io n  o f  S - V i n y l - 0 - _ t - b u t y l t h i o c a r b o n a t e  (Mg) 
w i t h  £ - B u t y l  m e t h a c r y l a t e  (Mj_)
M ole f r a c t i o n  F eed  r a t i o ,  M]_/M2  Mole f r a c t i o n  Copolym er c o m p o s i t io n  
i n  f e e d ,M l  i n  polymer,nr|_ r a t i o ,  m^/mg
0 . 1 1 7 0 . 1 3 2 0 . 3 6 5 0 . 5 7 5
0 . 3 2 9 0 . 4 9 0 0 .5 7 1 1 . 3 3 2
0 . 5 3 5 1 . 1 5 0 . 7 3 5 2 . 7 8
0 . 7 2 6 2 . 6 5 0 .8 3 2 4 . 9 6
0 .9 0 8 9 . 8 7 0 . 9 6 2 2 5 . 3 7
F. C hem ical M o d i f i c a t i o n  o f  P o ly m e r ic  S u b s t r a t e s  w i th  B e n d e r ’ s S a l t s  
P o l y ( s - v i n y l b e n z y l - 0 - t . - b u t y l t h i o c a r b o n a t e ) ( j 6̂ . P o ly ­
s t y r e n e  ([T|] = 0 .7 6 4  d l / g )  was c h l o r o m e th y l a te d  w i th  c h lo ro m e th y l  
m e th y l  e t h e r  i n  t h e  p r e s e n c e  o f  z i n c  c h l o r i d e , 110 t h e  p r o d u c t  










F i g u r e  2 8 :
M e t h o d  o f  i n t e r s e c t i o n  p l o t  f o r  t , - b u t y l  m e t h a c r y l a t e  ( M i )  -  S -  








F i g u r e  29 :
F lnem an-R oss  p l o t  f o r  J > b u t y l  m e t h a c r y l a t e  (Mi) -  S - v i n y l - 0 - t : -  
b u t y l t h i o c a r b o n a t e  (M^) c o p o l y m e r i z a t i o n s .
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p o l y s t y r e n e  ( 4 . 4  g ,  0 .0 2 5  eq ) an d  5 -7 7  g (O.O3 3 5  m o l)  o f
p o t a s s i u m  0 - . t - b u t y l t h i o c a r b o n a t e  ( 6l )  w e re  d i s s o l v e d  i n  1 0 0  ml
o f  DMF a n d  s t i r r e d  a t  3 0 °  f o r  12 h r  u n d e r  n i t r o g e n .  The p r o d u c t
was i s o l a t e d  by  p o u r in g  t h e  DMF i n t o  w a t e r ,  r e s w e l l i n g  t h e
p r e c i p i t a t e d  ^ 6  i n  b e n z e n e - m e t h a n o l  and  w a s h in g  t h e  s w o l l e n  p o ly m er
w i t h  m e th a n o l  and  w a t e r .  A f t e r  d r y i n g  f o r  IfS h r s  i n  v a c u o ,
6 . 5 I  g o f  7 6 , d e c .  tem p . 2 2 3 °  (w t  l o s s  3 5 - 8 9 $ ) ,  DTA T i = 8 8 ° ,
Ta  = 2 4 2 ° ,  T3  = 3 4 5 ° ,  was o b t a i n e d ,  i r  (KBr d i s k )  v -1  1 7 1 0 - 1685s.
( C = 0), 1250m, 1 2 -5 s  ( t - B u ) ,  675 ( C - S ) ,  ( F i g u r e  1 3 ) .
A n a l . Found: C, 6 8 . 8 l ;  H, 7 - 2 1 ;  S ,  1 1 . 6 5 ; C l ,  1 .1 7 .
A ssum ing  a s t r u c t u r e  o f :  - ( C i 4 H ia 0 3 S )x - ( C 9H9C l ) y - ( C s HQ)z - ,
t h e  a n a l y s i s  i n d i c a t e s  a r a t i o  o f  x : y : z  = 8 0 :7 : 1 3  a n d  a n  e x t e n t
o f  s u b s t i t u t i o n  o f  9 2 $ .
M u c l e o p h i l i c  S u b s t i t u t i o n  on  H e r c l o r - H  a n d  H e r c l o r - C .
P o l y ( e p i c h l o r o h y d r i n ) ( H e r c l o r - H )  a n d  c o p o l y ( e p i c h l o r o h y d r i n - e t h y l e n e
o x i d e ) ( H e r c l o r - C )  w e re  s u p p l i e d  by  H e r c u l e s ,  I n c .  D i s p l a c e m e n t  o f
t h e  c h l o r i d e  l e a v i n g  g r o u p  w i t h  p o t a s s i u m  0 - j : - b u t y l t h i o c a r b o n a t e
( 6 l J  i n  DMF a s  d e s c r i b e d  a b o v e  y i e l d e d  p o l y ( e p i c h l o r o h y d r i n )  d e r i v a -
t i v e  ( j j )  w i t h  d e c .  tem p . 2 1 4 - 2 5 6 °  (w t l o s s  2 3 $ ) ,  DTA T i  = 2 2 4 ° ;
T3  = 5 3 4 ° ,  an d  c o p o l y ( e p i c h l o r o h y d r i n e t h y l e n e  o x i d e )  d e r i v a t i v e  (^ 8 ) ,
w i t h  d e c .  te m p .  2 2 4 °  (w t  l o s s  4 . 1 $ ) ,  DTA T i = 2 3 3 ° ,  ^ 2  = 3 3 4 ° ,
i r  (KBr d i s k )  v - 1  1700s ( c = 0 ) ,  1200m ( t - B u  d e f . ) /~ ~ T l4 0 - i l l 0 b s  cm
(t.~B u-0  sym. S t . ) ,  674w ( C - S ) .
A n a l . F o r  7 J ,  Found: C, 4 5 * 1 4 ;  H, 6 . 5 7 ;  S ,  2 5 . 6 5 ; C l ,  2 . 0 2 .
A ssum ing  a  s t r u c t u r e  o f :  - (C a H i4 0 3 S )x - ( C 3H5 0 C l ) y -  t h e  a n a l y s i s  o f  
c h l o r i n e  c o n t e n t  i n d i c a t e s  a  r a t i o  o f  x : y  = 95 : 5 a n d  a n  e x t e n t  o f  
s u b s t i t u t i o n  o f  9 5 $*
F o r  jQ p  Found: C, 4 6 . 3 5 ;  H, 6 . 9k ;  S, 1 4 .2 9 ;  C l ,  7 . 2 5 .
A ssum ing  a  s t r u c t u r e  o f :  -CCQHi4 0 3 S )x - ( C 3 H5 0 C l ) y - ( C 2 H4 0 ) z -  t h e  a n a l y  
s i s  o f  c h l o r i n e  c o n t e n t  i n d i c a t e s  a  r a t i o  o f  x : y : z  = 3 2 . 2 : 1 5 . 4 : 5 2 . 4  
and  a n  e x t e n t  o f  s u b s t i t u t i o n  o f  6 7 . 6 5 $*
N u c l e o p h i l i c  S u b s t i t u t i o n  on P o l v f v i n y l  c h l o r i d e ) . P o ly -  
( v in y l  c h l o r i d e )  (PVC) was d i s s o l v e d  i n  DMF, t h e  s o l u t i o n  was c e n t r i ­
fu g e d  t o  rem ove a  s m a l l  g e l  f r a c t i o n  and  t h e  PVC was p r e c i p i t a t e d  
from  m e t h a n o l .  The p u r i f i e d  PVC 3 * 1 2 6  g ,  w as d i s s o l v e d  i n  100 ml 
DMF, t r e a t e d  w i t h  9*2 g o f  61 a n d  s t i r r e d  a t  3 5 °  12 h r  u n d e r
n i t r o g e n  i n  t h e  d a r k .  The r e a c t i o n  was t e r m i n a t e d  b y  s l o w l y  a d d i n g  
1 a  o f  w a t e r  t o  t h e  m i x t u r e ,  a n d  s t i r r i n g  f o r  6  h r .  The l i g h t  
y e l l o w i s h  p o ly m e r  was w a sh e d  t h o r o u g h l y  w i t h  w a t e r  a n d  m e th a n o l
A f t e r  d r y i n g  f o r  4 8  h r  i n  v a c u o ,  3*55  g o f  , D ec .  tem p . 202- 
2 3 9 °  (w t  l o s s  2 0 $ ) ,  DTA T = 2 2 4 °  w as o b t a i n e d .  As shown i n  F i g u r e  
14  , i r  (KBr d i s k )  a b s o r p t i o n  b a n d s  a t  vcm“i  1700s, (c=0), 1370m 
an d  1390m (_t-Bu sym. d e f . ) ,  125Qm ( t . -B u -0  sym. S t . ) ,  1205s, ( t ,-B u  
d e f . ) ,  I l 4 0 - 1 1 1 0 b s  ( t . - B u - 0  sym. S t . ) ,  674w, ( c - s )  an d  l a s e r  Raman 
s p e c t r u m  (A r  4880  A l a s e r  s o u r c e )  Avcm~x 3060m , 2675m s, 2275m, 1 7 5 0 -  
1 7 2 2 w, 1544s., 1 1 5 0 s ,̂ c o n f i r m  s u b s t i t u t i o n .
A n a l . F o u n d :  C, 51*735 H , 5 * 8 7 ;  6 ,  I 8 . 9 8 ; C l ,  I 3 . 9 3 .
A ssum ing  a  s t r u c t u r e  o f ;  - (O y -H i^ O a S ^ -C C a H sC lJy - ,  t h e  a n a l y s i s
1M-
i n d i c a t e s  a  r a t i o  o f  x : y  = 8 8 :1 2  a n d  a n  e x t e n t  o f  s u b s t i t u t i o n  
o f  5k . 6% b a s e d  on t h e  c h l o r i n e  c o n t e n t .
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APPENDIX I
COMPUTER PROGRAM FOR CALCULATION OF RELATION OF 
REACTIVITY RATIOS FROM COMPOSITION-CONVERSION DATA*
F o r  a  g iv e n  p a i r  o f  m onom ers, t h i s  p rog ram  a c c e p t s  two p o i n t s  
o f  c o m p o s i t io n  v s .  c o n v e r s io n  d a t a  a n d ,  w i th  t h e  i n i t i a l  monomer 
c o m p o s i t io n s  c o r r e s p o n d in g  t o  t h e  g iv e n  d a t a  p o i n t s  and  th e  monomer 
m o l e c u l a r  w e i g h t s ,  c a l c u l a t e s  t h e  r e l a t i v e  r e a c t i v i t y  r a t i o s  ( r ^ ,  
r s ) w hich  would r e s u l t  i n  s a i d  c o m p o s i t io n s  a t  s a i d  c o n v e r s i o n s .  A 
copy o f  t h e  p rogram  ( i n  F o r t r a n  IV) and an exam ple  o f  a  t y p i c a l  o u t ­
p u t  a r e  a t t a c h e d .
D e f i n i t i o n s  f o r  th e  i n p u t  v a r i a b l e s  a r e  l i s t e d  i n  T a b le  I  
w i th  t h e  number o f  s p a c e s  ( c a r d  co lum ns) a l l o c a t e d  t o  e a c h .  I t  may 
b e  n o te d  t h a t  t h e  t o t a l  s p a c e s  a s s ig n e d  i s  J 2 , w h ich  a l lo w s  d a t a  f o r  
one  r u n  t o  be  e n t e r e d  on one c a r d .  Each o f  t h e  v a r i a b l e s  e x c e p t  N0 
and LIMN r e q u i r e s  a d ec im a l p o i n t  and t h i s  i s  i n c lu d e d  i n  th e  s p a c e s  
a l l o c a t e d  t o  them . P and DEL may b e  e i t h e r  p o s i t i v e  o r  n e g a t i v e  
( b u t  n o t  z e r o ) , d ep en d in g  upon th e  p a r t i c u l a r  c a s e ;  a l l  o t h e r s  a r e  
p o s i t i v e .
*We a r e  In d e b te d  t o  D r. C h a r l e s  V. P i t tm a n  f o r  s e n d in g  us t h i s  p r o ­
gram t r a n s l a t e d  i n t o  F o r t r a n  IV.
TABLE I  
L i s t  o f  I n p u t  V a r i a b l e s
S p a c e s
V a r i a b l e  A l l o c a t e d  D e f i n i t i o n
N0 3 A r b i t r a r y  r u n  n u m b e r , f o r  I d e n t i f i c a t i o n
XMWl 6 M o l e c u l a r  w e ig h t  o f  monomer 1
XMW2 6 M o l e c u l a r  w e ig h t  o f  monomer 2
WMLA k I n i t i a l  w e ig h t  f r a c t i o n ,  monomer 1 ,  C a se  A
WM2A k I n i t i a l  w e ig h t  f r a c t i o n ,  monomer 2 ,  C ase  A
WM1B k I n i t i a l  w e ig h t  f r a c t i o n ,  monomer 1 ,  C ase  B
WM2B h I n i t i a l  w e ig h t  f r a c t i o n ,  monomer 2 ,  C ase  B
C0NVA h F r a c t i o n a l  c o n v e r s i o n ,  C ase  A
C0NVA k F r a c t i o n a l  c o n v e r s i o n ,  C ase  B
PWlA k W eig h t f r a c t i o n  monomer 1 i n  p o ly m e r ,  C a s e  A
PW2A h W e ig h t  f r a c t i o n  monomer 2 i n  p o ly m e r ,  C ase  A
PW1B h W e ig h t  f r a c t i o n  monomer 1 i n  p o ly m e r ,  C ase  B
PW2B h W eig h t f r a c t i o n  monomer 2 i n  p o l y m e r , C ase  B
P 5 I n t e g r a t i o n  v a r i a b l e
DEL 5 I n c r e m e n t  a p p l i e d  t o  P
ULP k U pper  l i m i t  o n  P
LIMN 3 L i m i t  o n  N (N -  num ber o f  c y c l e s  d u r i n g  c o n -
v e r g e n c e  p r o c e s s )
The i n t e g r a t e d  form  o f  t h e  copo lym er e q u a t i o n  u se d  [a  
s l i g h t l y  m o d i f ie d  v e r s i o n  o f  t h e  one p u b l i s h e d  by Mayo and L ew is ,  
J .  Amer. Chem. S o c . ,  6 6 , 1^9^ ( i j b k ) ]  i s  a s  f o l l o w s :
Ms 1 * 
108  m T  '  p  108
H£  . i  l o e  _____
P
2 ^ T ’ P ^
Mo'MWi
MW
i . p " M i ° / M W e T
1-F
lo g  H i !  +  lo g
S Mi g M iO .m ,
M2UVMW;^ M W x J
'w h e r e  M30  = w e ig h t  f r a c t i o n  o f  m onom eri p r e s e n t  i n i t i a l l y ,  Mi = r e ­
l a t i v e  w e ig h t  o f  monomeri r e m a in in g  a t  t h e  c o n v e r s io n  t h a t  t h e  po lym er 
c o m p o s i t io n s  i s  m easured  ( . i . e .  , mx =* Mi0 -  w e ig h t  f r a c t i o n  monomeri i n  
po lym er X f r a c t i o n a l  c o n v e r s i o n ) ,  P i s  an i n t e g r a t i o n  v a r i a b l e ,  and 
r i  and r 2  a r e  t h e  c o n v e n t io n a l  r e l a t i v e  r e a c t i v i t y  r a t i o s .
The p rogram  o p e r a t e s  by c a l c u l a t i n g  r s  i n  te rm s  o f  t h e  a r b i ­
t r a r y  P f o r  eac h  o f  t h e  d a t a  p o i n t s , th e n  in c r e m e n t in g  P i n  such  a 
m anner t h a t  t h e  two r £ ' s  co n v e rg e  t o  t h e  u n iq u e  v a lu e  w h ich  i s  common 
t o  b o th  p o i n t s .  T h i s  r 2 , w i th  t h e  c o r r e s p o n d in g  p i s  t h e n  u se d  to  
c a l c u l a t e  r x . The p rogram  i s  c u r r e n t l y  s e t  t o  c y c l e  u n t i l  t h e  d i f ­
f e r e n c e  b e tw ee n  r ^  and r ^  i s  <  0 . 0 0 0 0 1 , a l t h o u g h  t h i s  c a n  e a s i l y  
b e  changed  t o  any d e s i r e d  l e v e l .  ULP and LIMN a r e  s im p ly  d e v ic e s  
t o  c a u s e  t h e  com pute r  t o  go on t o  th e  n e x t  d a t a  s e t  i f  c o n v e rg e n c e  
h a s  n o t  b e e n  a c h ie v e d  i n  a  r e a s o n a b l e  p e r i o d .
A l t h o u g h  a r b i t r a r y ,  t h e  i n i t i a l  v a l u e s  c h o s e n  f o r  P  a n d  DEL 
c a n  s t r o n g l y  i n f l u e n c e  t h e  a m o u n t  o f  c o m p u t a t i o n a l  t i m e  r e q u i r e d .  
E v e n  v e r y  c r u d e  e s t i m a t e s  o f  a n d  r £  c a n  h e l p  i n  c h o o s i n g  t h e  
i n i t i a l  P .  S i n c e  P = ( l - r j ^ / l - r g )  , i f  r x ,  r £ <  1 ,  P  >  0  a n d  l a r g e  
i f  r x i s  l a r g e  a n d / o r  r £  i s  s m a l l .  C o n v e r s e l y ,  P  d e c r e a s e d  a s  r a 
i n c r e a s e s  t o w a r d  1 a n d / o r  r £  d e c r e a s e s .  On t h e  o t h e r  h a n d ,  i f  
r 2 <  1 <  r £ ,  o r  r £  <  1 <  r x ,  t h e n  P  <  0 ,  w i t h  t h e  a b s o l u t e  m a g n i t u d e  
o f  P  d e p e n d e n t  u p o n  t h e  r e l a t i v e  m a g n i t u d e  o f  r 2 a n d  r £  i n  t h e  o b ­
v i o u s  m a n n e r .
T h e  e q u a t i o n  h a s  c e r t a i n  o b v i o u s  m a t h e m a t i c a l  p r o h i b i t i o n s ,
M£  <  0 ,  P  <  1 <  P  e t c .  , a l l  l e a d  t o  i n d e t e r m i n a c i e s ,M£ MWi  M£Q MWi
d i s c o n t i n u i t i e s ,  d i v i d i n g  b y  z e r o ,  o r  a t t e m p t i n g  t o  t a k e  l o g  N w h e r e  
N <  0 .  S u c h  s i t u a t i o n s  c o u l d  a r i s e  v i a  e r r o r s  i n  e n t e r i n g  d a t a  o r  
f o r t u i t o u s l y  d u r i n g  t h e  c o n v e r g e n c e  p r o c e s s .  T h e  p r o g r a m  i s  w r i t t e n  
u p o n  b u i l d - i n  c h e c k s  s o  t h a t  i f  o n e  o f  t h e s e  m a t h e m a t i c a l l y  p r o h i b i t e d  
c o n d i t i o n s  o c c u r s , t h e  c o m p u t e r  w i l l  p r i n t  o u t  a  c o d e d  e r r o r  m e s s a g e  
a n d  g o  o n  t o  t h e  n e x t  d a t a  s e t ,  r a t h e r  t h a n  dum p t h e  e n t i r e  p r o g r a m .  
T h e  k e y  t o  t h e  e r r o r  c o d e  i s  g i v e n  i n  T a b l e  I I .  T h e  e r r o r  m e s s a g e  
w i l l  b e  t h e  l a s t  l i n e  p r i n t e d  f o r  a  g i v e n  d a t a  s e t  a n d  w i l l  h a v e  
t h e  f o r m
NO = XX ERROR =  XXX 
W hen t h e  e r r o r  n u m b e r  h a s  m o r e  t h a n  o n e  d i g i t ,  t h e  l a s t  d i g i t  i n d i ­
c a t e s  w h e t h e r  t h e  p r o g r a m  i s  a s s o c i a t e d  w i t h  C a s e  A ( 1 )  o r  C a s e  B ( 2 ) ;
TABLE I I
ERROR CODE
N u m b e r
IXX i s  n e g a t i v e ,  _i._e. ,  i n i t i a l  m o n o m e r  c o m p o s i t i o n  c a n n o t  
y i e l d  c o m p o s i t i o n  g i v e n  a t  c o n v e r s i o n  c i t e d .
2XX Mx = 0 , m a t h e m a t i c s  y i e l d s  i n d e t e r m i n a t e  f o r m .
3 M o l e c u l a r  w e i g h t  o f  m o n o m e r x  e n t e r e d  n e g a t i v e  o r  z e r o .
hxx I n i t i a l  w e i g h t  f r a c t i o n  e n t e r e d  n e g a t i v e  o r  z e r o .  
( C o r r e s p o n d i n g  c o n v e r s i o n  o r  p o l y m e r  c o m p o s i t i o n  w o u l d  
a l s o  h a v e  t o  h a v e  b e e n  e n t e r e d  n e g a t i v e  t o  a v o i d  b e i n g  
k i c k e d  o u t  a s  I X X . )
5X P f a ^ / M ^ H M W s / M W a )  =  1 .
6 P = 0 .
7x C o m p le x  r a t i o  z e r o  o r  n e g a t i v e ,  . i . e . , c a n n o t  t a k e  l o g .
8x D e n o m i n a t o r  o f  f r a c t i o n  e x p r e s s i n g  r 2  =  z e r o .
9 P e x c e e d s  ULP.
10 N e x c e e d s  LIMN.
20 N o t  m a k i n g  a n y  p r o g r e s s ,  ! . . £ •  , tw o  s u c c e s s i v e  c y c l e s  d i d  
n o t  i m p r o v e  c o n v e r g e n c e .
30 P r o g r a m  e r r o r ,  g o t  i n t o  w r o n g  l o o p  d u r i n g  c y c l e .
i f  t h r e e  d i g i t s  a r e  u s e d ,  th e  m id d le  d i g i t  s p e c i f i e s  w hich  monomer 
i s  a t  f a u l t .  The e r r o r  r e p o r t e d  w i l l  b e  th e  f i r s t  one e n c o u n te r e d  
and d o es  n o t  g u a r a n t e e  t h a t  f u r t h e r  e r r o r s  may n o t  be  p r e s e n t .
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COMPUTER PROGRAM FOR CALCULATION OF COMPOSITION v s .  CONVERSION 
DATA FROM RELATIVE REACTIVITY RATIOS
T h e  p r o g r a m s ,  w r i t t e n  i n  F o r t r a n  I V ,  c a l c u l a t e s  i n s t a n t a n e o u s  
c o p o l y m e r  c o m p o s i t i o n  a n d  a v e r a g e  c o m p o s i t i o n  o f  t h e  c u m u l a t i v e  
c o p o l y m e r  v e r s u s  p e r  c e n t  c o n v e r s i o n  f o r  t h e  f r e e  r a d i c a l  p o l y m e r ­
i z a t i o n  o f  a n y  c o m b i n a t i o n  o f  tw o  m o n o m e r s  f o r  w h i c h  t h e  a p p r o p r i a t e  
r e l a t i v e  r e a c t i v i t y  r a t i o s  a r e  k n o w n  o r  c a n  b e  c a l c u l a t e d  w i t h  
s u i t a b l e  a c c u r a c y .  ( P o s s i b l e  p e n u l t i m a t e  e f f e c t s  a r e  n o t  t r e a t e d . )  
I n p u t  i s  i n  w e i g h t  f r a c t i o n s ,  o u t p u t  i s  i n  w e i g h t  p e r  c e n t s .  A 
c o p y  o f  t h e  p r o g r a m  ( i n  F o r t r a n  I V )  a n d  a n  e x a m p l e  o f  a  t y p i c a l  
o u t p u t  a r e  a t t a c h e d .
T h e  p r o g r a m  o p e r a t e s  b y  c a l c u l a t i n g  t h e  i n s t a n t a n e o u s  c o ­
p o l y m e r  c o m p o s i t i o n  f o r  t h e  i n i t i a l  m o n o m e r  c o m p o s i t i o n ,  a s s u m i n g  
c o n s t a n t  c o m p o s i t i o n  f o r  a  s m a l l  i n c r e m e n t  o f  c o n v e r s i o n ,  t h e n  
c a l c u l a t i n g  a  new  m o n o m e r  c o m p o s i t i o n  a t  t h e  e n d  o f  t h e  i n c r e m e n t  
a n d  i t e r a t i n g  t h e  p r o c e s s .  T h e  i n c r e m e n t s  a r e  sum m ed t o  g e t  t h e  
c u m u l a t i v e  c o p o l y m e r  c o m p o s i t i o n .  T h i s  s t e p w i s e  c o n v e r s i o n  i s ,  o f  
c o u r s e ,  a n  a p p r o x i m a t i o n ;  t h e  i n h e r e n t  e r r o r  i s  c u m u l a t i v e  a n d  i s  
m o r e  s i g n i f i c a n t  a t  h i g h  c o n v e r s i o n s  t h a n  a t  lo w  c o n v e r s i o n s .  T h e  
m a g n i t u d e  o f  t h e  e r r o r  i s  d e p e n d e n t  u p o n  t h e  s i z e  o f  t h e  i n c r e m e n t s  
a n d  u p o n  t h e  s p e c i f i c  c a s e  b e i n g  c o n s i d e r e d ,  i . e .  f o r  c a s e s  w i t h  
w i d e l y  d i f f e r e n t  r  v a l u e s ,  s m a l l e r  i n c r e m e n t s  a r e  r e q u i r e d  t o  k e e p
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t h e  e r r o r  t o  a  " r e a s o n a b l e "  l e v e l .  T h e  i n c r e m e n t  o f  c o n v e r s i o n  
( w e i g h t  p e r  c e n t )  f o r  e a c h  s t e p  i s  1 0 0 /X N O IN , e . g .  XNOIN -  1 0 0  
s p e c f i e s  1 p e r  c e n t  i n c r e m e n t s  o f  c o n v e r s i o n .  I f  t h e  r ' s  d o  n o t  
d i f f e r  b y  m o r e  t h a n  a  f a c t o r  o f  a b o u t  1 0 ,  t h i s  w i l l  g i v e  g o o d  
a p p r o x i m a t i o n s  t o  8 0  o r  9 0  p e r  c e n t  c o n v e r s i o n .  I f  t h e  r ' s  a r e  
g r o s s l y  d i f f e r e n t ,  s a y  xx/xs. > 1 0 0 ,  o n e  c a n  s p e c i f y  v e r y  s m a l l  i n ­
c r e m e n t s  a n d  c u t  t h e  c a l c u l a t i o n s  a f t e r  a  f e w  p e r  c e n t  c o n v e r s i o n ,  
b y  u s e  o f  LIMN w h i c h  c o u n t s  t h e  n u m b e r  o f  c y c l e s .  T h i s  c a n  s a v e  
c o n s i d e r a b l e  c o m p u t e r  t i m e  i n  c a s e s  w h e r e  o n e  i s  c o n c e r n e d  o n l y  
w i t h  b e h a v i o r  e a r l y  i n  t h e  c o n v e r s i o n .  F o r  e x a m p l e ,  w i t h  XNOIN -  
5 0 0 0  a n d  LIMN = 2 5 0 ,  o n e  g e t s  t h e  f i r s t  5 p e r  c e n t  o f  c o n v e r s i o n  
i n  0 i 0 2  p e r  c e n t  i n c r e m e n t s .
T h e  i n p u t  v a r i a b l e s  a r e  d e f i n e d  a s  f o l l o w s :
=  i n i t i a l  w e i g h t  f r a c t i o n ,  m o n o m e r^
XMW^ =  m o l e c u l a r  w e i g h t ,  m o n o m e r^
Rj ( R . =  c o n v e n t i o n a l  r e l a t i v e  r e a c t i v i t y  r a t i o s  r , ( r , . )
1 i j  i  i j
XNOIN -  n u m b e r  o f  i n c r e m e n t s  ( p e r  c e n t  c o n v e r s i o n  p e r  i n c r e m e n t  =
1 0 0 /X N 0 IN )
LIMN =  l i m i t  o n  n u m b e r  o f  c y c l e s  b e f o r e  g o i n g  o n  t o  n e x t  d a t a  s e t
A s  i n d i c a t e d  b y  t h e  F o r m a t  s t a t e m e n t s ,  a l l  v a r i a b l e s  e x c e p t  LIMN 
r e q u i r e  a  d e c i m a l  p o i n t .
M e c h a n i c a l l y ,  i t  i s  d e s i r a b l e  t o  m a k e  t h e  " f a s t e s t "  m o n o m e r  
( t h e  o n e  w h i c h  w i l l  b e  c o m p l e t e l y  c o n s u m e d  m o s t  r a p i d l y )  e q u a l  t o  M i .  
W i t h  t h i s  a r r a n g e m e n t ,  t h e  p r o g r a m  w i l l  c o n t i n u e  e v e n  a f t e r  o n e  
m o n o m e r  i s  u s e d  u p ,  w i t h  " i n s t a n t a n e o u s "  h o m o p o l y m e r  a n d  t h e
a p p r o p r i a t e  a v e r a g e  c u m u l a t i v e  c o m p o s i t i o n ,  a s  w o u l d  o c c u r  i n  
a c t u a l  p o l y m e r i z a t i o n s .  W hen Ife  i s  r e d u c e d  b e l o w  a n  a r b i t r a r y  
l e v e l ,  t h e  c a l c u l a t i o n s  c e a s e  a n d  t h e  n e x t  d a t a  s e t  i s  r e a d  i n .
O n e  f u r t h e r  n o t e  o f  c a u t i o n  a b o u t  t h e  u s e  o f  t h e s e  p r o g r a m s  
i s  a p p r o p r i a t e .  T h e  t h e o r y  u s e d  i n  d e v e l o p i n g  t h e  e q u a t i o n s  
u t i l i z e d  i s  a p p l i c a b l e  o n l y  t o  s y s t e m s  w h e r e  t h e  r e l a t i v e  m o n o m er  
c o n c e n t r a t i o n s  a t  t h e  a c t u a l  s i t e  o f  p o l y m e r i z a t i o n  a r e  t h e  s a m e  
a s  t h e  o v e r a l l  r e l a t i v e  m o n o m e r  c o n c e n t r a t i o n s .  T h i s  i s ,  i n  
g e n e r a l ,  t r u e  f o r  s o l u t i o n  p o l y m e r i z a t i o n s  ( i f  t h e  v i s c o s i t y  d o e s  
n o t  g o  t o o  h i g h )  b u t  f r e q u e n t l y  i s  n o t  t r u e  f o r  e m u l s i o n  ( l a t e x )  
o r  s u s p e n s i o n  p o l y m e r i z a t i o n s .  T h e r e f o r e ,  t h e  p r o g r a m  s h o u l d  b e  
a p p l i e d  w i t h  c a r e  t o  t h e  l a t t e r  t y p e s  o f  p o l y m e r i z a t i o n .  E v e n  i n  
s o l u t i o n  p o l y m e r i z a t i o n s ,  d i f f i c u l t i e s  m a y  b e  e n c o u n t e r e d  w h e n  
t h e  p o l y m e r  p r e c i p i t a t e s  a s  i t  i s  f o r m e d .
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READ! 5,100)WTl,HT2,XMWl,XHW2,Rl,R2,XNOlN,LIHN100 FORMAT 12F6.5,2F7.2,2F7.3,F5.0,14)
WRITE I 6 1 101)R1,R2,XMW1«XMW2,XNOIN
101 FORMAT(1H1,22X|50HMEIGHT PERCENT COPOLYHER COMPOSITION VS CONVERSI 
10N/5H0R1 -F7.3.7H R2 -F7.3, 15H HOL. WT. 1 -F6.2,16H MOL. W 
2T. 2 »F6.2,23H NO. OF INCREMENTS -F5.0/10H0 FHT. Hl,7X,7HFWT. 



















IF (WT2—.00001)4Q, 30,30 
30 CONV-CONV +OEL
IFICONV-1.110,10,40 
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WEIGHT PERCENT COPOLVHER COMPOSITION VS CONVERSION 
Rl * 3.000 R2 « 0.200 HOE. WT. 1 ■104.14 HOL. kT. 2 >160.24 NO. OF INCREHENT5 *2000.
fk l. Wl FhT. y z CONVERS1CN WT. Hi WT. M2 CUP. HI CUH. H2C.1C900 0,89100 ' 0.0 33.02 . 66.98 33.0? 66.98On1C883 . 0.89067 . 0.05. 33.00 67.00 33.01 .66.99G.10067 0.89033 0.10 32.98 67.02 33.00 67.00C.1CBS0 0.88999 0.15 32.96 67.04 32.99 67.01C.1CR34 0,88966 0.20 32.93 67. C7 32.98 67.020.10818 0.88932 0.25 32.91 67.09 32.97 67.03■C. 10801 0..88899 0.30 32.89 67,11 32.96 67.04’ C.1C785 0*88865. .0.35 32.B7. 67.13 32.95 67.050.10768 . 0.88832 0.40 32.85 67.15 32.93 67.07C.10752 0.8 8798 0.45 32.82 67.18 32.92 67.08C.1C73S 0.88765 0.50 32. 80 67.20 32.91 67.09C.1C719 0.88731 0.45 32.78 67.22 32.90 67.100.10703 0.88697 ' 0.60 32.76 67.24 72.89 67.11-C.10686 0.88664 0.65 32.73. .67.27 32.88 . 67.120.10670 0.88630 0.70 ■ 32.71 67.29 32.87 67.13C.10653 0.88596 C.75 32.69 67.31 32.86 67.14. 0.10637. . 0.88463 0.80 32.67 67.33 . . 32.85 67.15C.10621 . 0.88529 0.85 32.65 67.35 32.83 67.17C.10604 0.88495 0.90 32.62 67.38 32.82 67.180.10588 0.88462. 0.95 32.60 67.40 32.81 67.19C. 1.0572 0.88428 1.00 32.58 67.42 72. BO 67.20C.10556 0.88394 1.05 32.56 67.44 32.79 67.21C.IC539 . C.88361 1.1C 32.53 67.47 32.7B 67.22. C.10523 0.88327 1.15 32.51 67.49 32.77 67.23C.10507 0,88293 1.20 32.49 67.51 32.76 67.240*10490 ' 0.88239 1.25 32.47 67.53 32.75 67.25C.1C474 0.88226 1.30 32.44 67.56 32.73 67.270.10458 0.88192 1.35 32.42 67.58 32.77 67.280.10442 0.88158 1.40 32.40 . 67.60 32.71 67.29C.10426 0.88124 1.45 32.38 67.62 32. 70 67.300.10409 0.88090 1.5C 32.35 67.65 32.69 67.31C.1C393 0.88037 1.55 32. 33 67.67 32.68 67.31C.10377 0.88023 1.60 32.31 67.69 32.67 67.33C.1C361 0.87989 1.65 32.29 67.71 32.66 6T.340. 10345 0.87955 1.70 32.26 67.74 32.64 67.360.10329 0.87921 1*73 32,24 67.76 32.63 67.370.10312 0.87887 1.80 32.22 67.78 32.62 67.38. C.10296 
' C.10280 0.87B53 1.H5 32.20 67.80. . 32.61 67.39^ 0.87820 1*90 32.17 67.83 32.60 67.40C.10264 0.B7786 1.95 32.15 67.85 32.59 67.41. C.1024G 0.87752 2.00 32.13 67.87 32.58 67.42C,10232 0.87718 2.05 32.11 67.89 32.57 6T.43C.IC216 0.A7684 2.10 32.C8 67.92 32.56 67.44C.10200 0.87650 2.13 32.06 67.94 . 32.54 67.460.10184 0.87616 2.20 32.04 67.96 32.53 67.47C.10166 0.875B2 2.25 32. C2 67.98 32.5? 67.48C.10152 0.87548 2.30 31.99 68.01 32.51 67.49C.10136 0.87514 2.35 31.97 68.03 32. 50 67.50C.10120 0.87480 2.40 31.95 68.C5 32.49 67.51C.10104 0.87446 2.45 31.93 68.C7 32.48 67.52C.10C88 0.8 7412 2*50 31.90 68.10 32.47 67.53C.1C072 0.87378 2.55 31.88 68.12 32.45 67.55n. 1 0 0 5 6 0.87344 2.6C 31. Bt 68.14 32.44 67.560,1C040 0.87310 2.65 31.83 6e.l7 72.43 67.57C.IC024 0.87276 2.70 31.81 68.19 32.42 67. 5Bo.ioooa 0.87241 2.75 31.79 68.21 32.41 67.57.
172
0*04992 0.87207 2.80 3t»77 68.23 32.40 67.60G.C9977 0.87173 2.85 31.76 68.26 32,39 67.610*09961 0.8 7139 2.90 . . 31*72 68.20 32, 38 67.630*09965 0.87105 2.95 31.70 . 66.30 32.36 67.64C.09929 0.87071 3.00 31.67 68.33 32. 35 67.65C.C9913 0.87037 3.05 31.65 66.35 12.34 67.66C.C9S97 0.87002 3, 10 31.63 6e.37 32.33 67.67'0*09881 0.86968 • 3.15 31.61 66.39 32.32 67.680,09866 0.86936 3.20 . 31.58 68.42 32.31 67.69C.G9850 0.869C0 3.25 31*56 68.44 32.30 67.70C.C9B34 0.86866 3.30 31.54 68.46 32.2* 67.72C.09818 0.86831 , . 3.35 31.51 68.49 32.27 67.730.09803 0.86797 3.60 31.49 66.51 32.26 67.74C.C97AT 0.86763 3.65 31.47 6e.53 32.25 67.750*09771 0.86729 3.50 31.45 66.55 32.24 67.760.09755 0.86696 3.55 31.42 * 68.58 12.23 67.770.09760 0.86660 3.60 31.4C 68.60 12.22 67. 78.0*09726 0.86626 3.65 31.38 . 68.62 32.21 67.79C.C9708 0.86591 3.70 31.35 68.65 32. 19 67.S10.09693 0.86557 3.75 31.33 68.67 32.18 67.820.04677 0.86523 3.80 31.31 68.69 32.17 . . 67.83C.C9661 6.86688 3.85 31.28 68.72 32.16 67.860.09666 0.86656 3.90 31.26 6 e . 7 4 32.15 67.850.09630 0.86620 3.95 31.24 . 68.76 32.14 67.86C.C9616 0.86385 6.0C 31.21 66.79 32.13 67.87C.09599 0.86351 6.05 31.19 68.81 32.11 67.89C.C9563 0.86316 6.10 31.17 68.83 32.10 . 67.900.09568 0.86282 6.15 31.15 68.85 32.09 67.91C.C9552 0.86268 6.20 31.12 68.88 32.C8 67.92C.09536 0.86213 6.25 .31.10 . 68.90 32.07 67,93C.C9521 0.86179 6.30 31.oa 68.92 32.06 67.940.C95O5 0.86166 6.35 31. 05 68.95 32.05 67.95C.C9490 0.86110 6.6C 31. C3 68.97 32.03 67.970.09676 0.86075 6.65 31.01 68.99 32.02 67. 98C.09659 0.86061 6.50 30.98 69.02 32.01 67.990.09663 0.86006 6.55 30.96 69.04 32.00 68.00C.C9628 0.85972 6.60 30.94 . 69.06 31.99 68.016.09612 0.85937 6.65 30.91 ‘ 69.09 31.98 68.02C.09397 0.85903 6.70 30.89 69.11 31.97 ... 68.030*09381 0*85868 4.75 30.87 69.13 31.95 6B.0SC.09366 C.85836 4.BO 30.84 69.16 11.94 68.06C.C9351., 0.B5799 4.85 30.82 69.18 31.93 68.07C.C9335 0.85766 4.90 30.80 69.20 31.92 66.08C.0932C 0.85730 4.95 30.77 €9.23 31.91 60.09C.C9306 0,85695 5.00 30.75 69.25 31.90 60.10C.C92B9 0.85661 5.05 30.73 69.27 31.89 60.11C.C9276 0.85626 5.10 30.70 69.30 31.87 68.13C.C9258 •0.85591 5.15 30.68 69.32 31. B6 68.14C.C9263 0.85557 5.2C 30.66 65.34 91.85 68.15C.C9228 0.85522 5.25 • 30.63 69,37 11,84 68.160.09212 0.85687 5,30. 70.61 69,39 31.83 68.17C.C9197 0.85653 5.35 30.59 65.41 31.87 68.180.C4182 0.85618 5.40 30. 56 69.44 31.81 68.19C.C9166 0.85383 5.45 30.54 69.46 - . 31.79 68.21C.C9151 0.85368 5.50 20.52 69.48 31.78 68.220.09136 0.65316 5.55 30.49 65.51 31.77 68.23C.09121 C.85279 5.60 30.47 65.53 31,76 68.24G.C9105 0*85266 5.65 30.44 69.56 31.75 68.250.09090 0.85209 5.70 30.42 65.58 31*74 68.26C.C907S 0.85175 . 5.75 30. 4C, 69.60 -3i. 7,e 68.28
C.09060 0.89140 5.BO 30.37 69.63 31*71 68.29G.G9044 0.89105 . 5.85 30.35 64.65 31.70 66.30C.09029 0.05070 5.90 30.33 69.67 31.69 66.31G.G9C14 0.85036 5.95 30.30 69,70 31.68 68.32G. 08999 0.86000 6.00 30.28 69.72 31.67 68.33C.C8904 0.84966 .6.05 .30.26 . 69.74 31.66 68.34G1C8969 0.84931 6.10 30.23 • 69.77 31.64 68.367.C8954 0.84896 6.15 30.21 65.79 31.63 68.37C.C8939 0.84861 . 6.20 30.19 65.81 31.62 60.380.08923 0.84826 6. 25 30.16 69.84 31.61 68.39C.CB9O0 0.84791 6.30 30.14 69.86 31*60 68.40
c . c e a 9 3 . Q.84756 6.35 .30.11 .65.69 31.59 .. 68.4UC.CH078 0.84721 6. 40 30.09 69.91 31.57 66.430.G8863 0*84606 6.45 30.C7 69.93 31.56 68.44C.CB848 0.84661 6.50 30.04 . 69.96 31.55 68.45.C.C8833 0.84616 6.55 30. C2 69.98 31.54 68.46C.C081B 0.84581 6.60 30. CO 7C.00 31.53 68.470.G68C3 0.04546 6.65 29,97. 70*03, 31.52 68.4B0.08788 0.84511 6.70 29.95 7C.C5 31.50 68.50C.08773 0.84476 6.75 29.92 70.OB 31.49 68.51C.06788 0.84441 6.80 29.90 70.10 31.48 68.520.08743 0.84406 6.B5 29.08 70.12 31.47 68.530.C872B 0.84371 6.90 29.85 7C.15 31.46 68.54C.C0713 0.84336 6.95 29.8? 7C.17 31.45 . 60.55-.C.O0698 0.84301 7.00 29.80 7C.20 31.43 68.570.C66B3 0.84266 7.05 29.70 7C.22 31.42 66.58C.08669 0.84231 7.1C 29.76 7C.24 . 31.41 68.59C.C0654 0.84146 7.15 29.73 ' 7C.27 31.40 68.60C.C8639 0.84160 7.20 29,71 70.29 31.39 66.610.GB624 . 0.B4L25 7.25 29.68 7C.32 31.38 68.62C.C86C9 0.84090 7. 30 29.66 70.34 31.36 68.64C.08594 0.84055 7.35 29.64 7C.36 31.35 68.65C.C8579 0.84020 7,40 29.61 . 7C.39 31.34 68.66C.0H565 0.83985 7.45 29.59 7C.41 - 31.33 68. 6TC.C8550 0.83949 7.50 29.56 70.44 31.32 68.60C.08535 0.83914 .7.35 29.54 7C.46 31.1L 68.69C.08520 0.83879 7.60 29.52 70.48 31.29 68. 7t0.G8506 0.83844 7.65 29.49 70.51 31.28 68.72C.08491 C.83008 7. 70 29.47 70.53 31.27 68.73C.C8476 0.83773 7.75 29.44 7C.S6 31.26 68.74C.C6461 O.B3730 7.BO 24.42 70,58 31.25 68.75G.C8447 . 0.83703 7.85 29.40 70.60 31.24 68.76C.C8432 -. 0.83667 7.90 29.37 7C.63 31.22 68.780.G8417 0.83632 7.95 ■ 29.35 7G.65 31.21 68.79C.C8403 0.83597 8.00 29.32 7C.6B 31.20 68.80C.C8380 0.83561 0.05 29.30 70.70 31.19 68.81C.GB373 C.B3526 8.10 29.28 7C.72 31.18 68.82
C.08359 0.83491 8.15 .. 29.25 70.75 ’ 31.17 68.83C.06344 0.83455 8.20 29.23 7C.77 31.15 68.85C.G0329 0.B3420 B.25 29.20 70.80 31.14 68.86C.C8315 0.83334 8.30 29.10 7C.82 31.13 . 68. 87G.O03CO 0*83349 0.35 29.15 7.0.85 31.12 68. 00
0.00206 0.83314 8.40 29.13 70.87 31.11 68.89C.38271 . 0.83278 . 8*45 29.11 7C.89 31.10 .. 68.91C.C8256 G.B3243 8.50 29.G0 7C.92 31.08 68.92C.08242 0.83207 8.55 29.G6 70.94 31.07 68.93C.08227 0.B3172 0.60 29.03 7C.97 31.06 68.94C.08213 0.83136 8.65 29. Cl 70.99 31.05 68.95C.CS198 0.83101 8.70 28.98 71. C2 31.04 68.960.08184 .0.63065 .0.75 28.96. .71.04 31,02. . 68.98
c.oei&« 0.83030 8.80 28.94 71.06 31.01 68.99C.C8155 0.82994 8.85 28.91 71.C9 31.00 69.00O.CB140 0.82959 8.90. .28.89 71.11 30.99 69.01c.caizfa 0.82923 8^95 28.86 71.14 30.9ft 69.02C.CB112 0.02B87 9.00 2B.84 71.16 30.97 69.04C.C8097 0.82852 9.05 28.81 71.19 .30.95 . 69.03.C.C80B3 0.82816 9.10 28.79 71.21 30.96 69.06C.CB068 0.82781 9.15 28.76 71.24 30.93 69.07C.C8G54 0.82745 9.20 28.74 71.26 30.92 69.08C.C8C40 0.82709 91.25 28.72 71.28 30.91 69.09C.CS02S 0.82674 9. 30 28.69 71.31 30. 89 69.11c.ceon 0.82638 9.35 28.67 71.33 30.88 .69.12C.07997 O.B2602 9.40 28.64 71.36 30. 87 69.13C.07982 0.82567 9.45 28.62 71.3a 30. 86 69.14C.07968 0.82531 9.50 28.59 71.41 30,85 69.15Q.C7954 0.82495 9.55 28.57 71.43 30.84 69.170.07939 0.82460 9.60 28.54 71.46 30. e2 69.180.07925 0.82424 9.65 28.52 71.48 30.81 69.19C.G79U 0*82388 9.70 28.49 71.51 30.80 69.200.07897 0.82352 9.75 28.47 71.53 30.79 69.21O.CTSflZ 0.82317 9.80 2B.45 71,55 30.78 69.23C.07868 0.82281 9.85 28.42 71.58 30.76 69.24C.C7S54 0.82245 9.90 26.40 71.60 30.75 69.250.07840 0.82209 9.95 .28.37 71.63 30. 74 .69.26C.07825 0.82173 10.00 28.35 71.65 30.73 69.27
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